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QANALYTIC REPRESENTATION OF NONELASTIC CROSS SECTIONS AND
PARTICLE-EMISSION SPECTRA FROM NUCLEON-NUCLEUS COLLISIONS
IN THE ENERGY RANGE 25 TO 400 MeV
R. G. Alsmiller, Jr., M. Leimdorfer, and J. Barish*
ABSTRACT
Analytic fits, obtained by the method of linear least squares, to
the intranuclear-cascade data generated by H. W. Bertini are given. For
both protons and neutrons incident on the elements C, O, AI, Cr, Cu, Ru,
Ce, W, Pb, and U, analytic expressions are given for:
i. the nonelastic cross section as a function of energy;
2. the cascade neutron- and proton-emission spectra in the
angular intervals 0-30 ° , 30-60 °, 60-90 ° , and 90-150°;
3- the evaporation neutron- and proton-emission spectra
(assumed isotropic); and
4. the cascade neutron- and proton-emission spectra inte-
grated over all angles.
*Computing Technology Center, Union Carbide Corporation, Oak Ridge,
Tennessee.
2I. INTRODUCTION
Using an intranuclear-cascade model, H. W. Bertini has generated a
large amount of data on the nonelastic cross sections and the energy and
angular distributions of emitted neutrons and protons whenneutrons and
protons in the energy range 25 to 400 MeVare incident on a variety of
targets, l-s* The calculations were carried out using Monte Carlo methods
and the data were presented in the form of histograms which contain, of
course, statistical fluctuations. In order to make this large amount of
data more accessible and to remove insofar as possible the statistical
fluctuations, the data have been fitted using the method of linear least
squares. In this paper, the fitting procedure is discussed, and tables
of the coefficients which occur in the fitted functions are given.
For both protons and neutrons in the energy range 25 to 400 MeV, in-
cident on the elements C, O, AI, Cr, Cu, Ru, Ce, W, Pb, and U, analytic
expressions are given for:
i. the nonelastic cross section as a function of energy;
2. the cascade** neutron- and proton-emission spectra in the lab-
oratory angular intervals 0-30° , 30-60° , 60-90° , and 90-180°;
3. the evaporation** neutron- and proton-emission spectra (assumed
isotropic); and
4. the cascade neutron- and proton-emission spectra integrated
over all angles.
*All of the data calculated by Be_tini _ have been recorded on microfilm
and are available on request from the Radiation Shielding Information
Center of the Oak Ridge National Laboratory. The data on pion-nucleus
collisions are not considered in this paper.
**See ref. i for a discussiom of the distinction between cascade and
evaporation particles.
The cascade emission spectra integrated over all angles can be obtained by
summingthe emission spectra in the individual angular intervals. This
procedure_ however_ leads to functions which involve manymore parameters
than are necessary_ so separate fits for the angle-integrated spectra are
given.
4II. NONELASTICROSSECTION
In manyways the nonelastic cross section is the easiest part of the
data to fit because the Monte Carlo calculation in this case gives an esti-
mate of the cross section at discrete energies. Let _E. be the cross-section
1
value given by the Monte Carlo calculation at energy E. and let _(E), the
i
assumed analytic form of the cross section, be given by
E J
_(E) = exp E L aj< 0-_) ] '
j=o
(i)
where the a.'s are coefficients which are to be determined and v is a
0
parameter which must be specified. To determine the coefficients, a





and it is required that R be a minimum with respect to the a.'s. Taking
0
the derivative of R with respect to each a. and setting the derivative equal
0
to zero leads to a set of linear equations for the a.'s, which may easily
0
be solved.
In calculating the cross-section fits, v was in general taken to be 4.
In some cases, however, this led to unphysical oscillations in the cross
section. To avoid this_ the derivative of _ was tested for sign changes
and no more than two such changes were allowed. If v = 4 led to more than
two sign changes, the fit was recalculated using v = 3, the test was again
applied, and so on. In only one case - protons incident on lead - was it
necessary to go to v = 2.
5Figure i showsa comparison between the Monte Carlo cross-section
values and the analytic cross section for the case of protons incident on
aluminum. The points give the Monte Carlo values and the smooth curve is
obtained from the fitted function. This comparison is roughly similar to
the comparisons in the other cases.*
The calculated coefficients for protons and neutrons incident on all
ten elements considered are given in Table i. Whenthese coefficients are
used in Eq. i, the cross section is given in millibarns. It should be
carefully noted that the analytic expression for the cross section is valid
only between EMIN and EMAX. If an attempt is madeto use the expression
outside of these limits_ quite wild behavior mayoccur.
*Graphs comparing the analytic functions with the Monte Carlo results for
every fit considered in this paper have been put on microfiche and are
available on request from the Radiation Shielding Information Center of
the Oak Ridge National Laboratory.
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8III. PARTICLE EMISSION SPECTRA
A. Cascade Neutron- and Proton-Emission Spectra
The cascade neutrons and protons emitted from nucleon-nucleus colli-
sions have complicated energy-angle distributions with the high-energy
particles emitted predominantly at the smaller angles. The Monte Carlo re-
sults presented by Bertini _ give the emission spectra in the form of a
histogram, with equal energy intervals, averaged over specified angular in-
tervals. It is these spectra which have been fitted. However, for fitting
purposes, it was found that equal intervals in energy were not convenient
so, before the fitting was carried out, the Monte Carlo history tapes were
re-analyzed. This analysis was carried out to form a histogram with un-
equal energy intervals but with the same number of emitted particles in
each interval. In each histogram interval, the energy, such that within
the interval equal numbers of particles were emitted above and below this
energy, was determined, and the histogram value was assumed to be an esti-
mate of the energy distribution at this energy.*
Let FE. be this Monte Carlo estimate of the energy distribution
i
(number of emitted particles per MeV per steradian per collision) averaged
over a specified angular interval at the energy E. and let F(E), the
I
assumed analytic form of the distribution, be defined by
= 1 E J
o oj=o
where E is the energy of the incident particle. It is to be understood
o
*This procedure was varied slightly in the very highest energy interval in
each histogram. _le complete details of the analysis procedure are given
in Appendix i.
that FE. and the function F(E) dependon the type of incident particle, the
i
energy of the incident particle, the element considered, the type of emergent
particle, and o_ the angular interval used in carrying out the average. To
determine the coefficient, R was defined by the equation,
v f Ei _j__
R =_ llog(Eo FE. ) - _ aj_--_ ] , (4)
E. I j=o o
i
and was minimized with respect to the a.'s.
J
In the calculations, v was in general taken to be 5 or to be the number
of histogram intervals minus 2 when there were less than seven intervals in
the histogram.* In some cases, however, this large number of parameters led
to excessive oscillation in the fitted distributions. To avoid this, the
derivative of Eq. 3 was tested for sign changes and only two such changes
were allowed. If more than two occurred, the fit was recalculated with v
reduced by i and the test was reapplied. This procedure was continued until
a satisfactory fit was obtained or until v = 2 was reached. If v = 2 was
reached, the fit was accepted without further testing.
In Figs. 2-5 the smooth curves obtained with the analytic fit are com-
pared with the Monte Carlo histograms for the case of neutrons emitted from
400-MeV protons on aluminum in the angular intervals 0-30 °, 30-60 °, 60-90 °,
and 90-180 °, respectively. The comparisons shown in these figures are simi-
lar to the comparisons in the other cases.
*See Appendix i.
i0
The coefficients for all of the cases considered are given in Tables 2
through 41.* At the top of each table, the type of incident particle, the
element, and the type of emitted particle are given. The first column in
the table gives the incident energy, Eo, the second column gives the lab-
oratory angular interval over which the data were averaged, and columns
three through eight give the coefficients. Whenthese coefficients are
used in Eq. 3, the function F has the units numberper MeVper steradian
per collision. Here and throughout the tables the coefficients are given
with eight significant figures. This is, of course, more than is justified
by either the Monte Carlo data or the accuracy of the fits. The numbers
given, however, are those which were used in calculating the smooth curves
in the graphs. If the coefficients are trumcated, curves different from
those shownin the graphs may occur. At the top of each table, EMIN is
given and, in the last column of each table, EMAX divided by E° is given.
This EMIN is a parameter which occurs in the calculations of Bertini and
represents the energy below which no cascade particles are emitted. The
quantity, EMAX,gives the highest energy considered in doing the fitting -
that is, it is the highest energy point fitted in a given angular interval.
It must be understood that if the analytic functions are used outside of
the energy interval EMIN to EMAX,very erratic behavior may occur. Finally,
columns nine and ten give the numberof particles of a given type emitted
per collision in a given angular region and the sumof the energy of these
particles divided by Eo, respectively. The values in these columns are
obtained using the fitted functions and the equations
*Values of X for each of the fits are given in Appendix 2.
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2_[cos 8I- cos 8 ] EMAX
Energy of Emitted Particles/E ° = E 2 _ EF(E)dE , (6)
o EMI N
where e and e are the angular limits given in column two
I 2
In those places in the tables where only three coefficients are given_
the fits must be considered somewhat more approximate than when more co-
efficients are given. In a few cases, all of the coefficients are given to
be zero. When this occurs_ it means that so few particles were emitted in
a given angular interval that the Monte Carlo results were not considered
statistically significant and no attempt was made to obtain a fit. In these
cases_ the number of emitted particles is still given in column nine of the
tables for comparison purposes. This number, of course, is not obtained
from Eq. 5 but is taken directly from the Monte Carlo results.
B. Evaporation Neutron- and Proton-Emission Spectra
...... _.... used to _i+ +_ _u_on- and proton-evanoration spectra
is very similar to that used in the case of the cascade spectra. The Monte
Carlo results presented by Bertini give the emission spectra integrated
over all angles in the form of a histogram with equal energy intervals.*
The equal energy intervals were again found to be inconvenient so a histo-
gram was constructed with unequal energy intervals determined in such a way
that the probability for a particle to be emitted in each interval was the
*The evaporation particles are by assumption emitted isotropically.
12
same.* Within each interval_ the central energy, determined by the con-
dition that a particle within the interval be equally likely to be above
and below this energy_ was obtained and the histogram value was taken to be
an estimate of the energy distribution at this central energy.
The analytic function, G(E), used for the fitting was defined by
= i E "j
j=o
and the coefficients were determined by requiring that the quantity R, de-
fined as in Eq. 4 with E ° replaced by 25, be a minimum. A scaling factor
of 25 was used because evaporation particles with energy higher than this
were not considered in the Bertini calculations. The fitting procedure was
exactly the same as in the case of the cascade spectra.
In Figs. 6 and 7 the smooth curves obtained with the analytic fit are
compared with the Monte Carlo histograms for neutrons and protons, respec-
tively, emitted from 400-MeV protons on aluminum. The comparisons shown
in the figures are similar to the comparisons in the other cases. In par-
ticular, the failure of the analytic curve to reproduce well the low-energy
portion of the histogram in the case of evaporation protons, Fig. 7, should
be noted because this is generally true of all of the fits to the evapora-
tion proton spectra.
The coefficients for all of the cases considered are given in Tables 42
through 61.** At the top of each table the type of incident particle and
the element are given. Each table contains the coefficients for both emitted
*The details of this analysis are given in Appendix i.
**Values of X_ for each of the fits are given in Appendix 2.
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protons and emitted neutrons. The first column in each table gives the
incident energy Eo, and columns two through seven give the coefficients
which occur in Eq. 7. -Whenthese coefficients are used, G(E) has units
numberper MeVper collision. Columnseight and nine give the numberof
emitted particles and the energy of the emitted particles divided by Eo.




No. of Emitted Particles = G(E)dE (8)
1 sa(s) (9)Energy of Emitted Particles/E ° = _--
o EMI N
where
EMA X = the highest energy point considered in the fitting,
EMI N = the lowest energy particle emitted in the Monte Carlo studies.
The values of EMA X and EMI N divided by E° are given in columns ten and
eleven, respectively. As before, the analytic functions are to be used only
between the energies EMI N and EMA X.
In those places in the tables where only three coefficients are given_
the fits must be considered very approximate. In some cases, all of the
coefficients are given to be zero. When this occurs, it means that so few
particles of a given type were omitted that the Monte Carlo results were
not considered statistically significant_ and no attempt was made to obtain
a fit. In these cases_ the number of emitted particles is still given in
column eight of the tables. This number, of course, is not obtained from
Eq. $ but is taken directly from the Monte Carlo results.
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C. Cascade Neutron- and Proton-Emission Spectra Integrated Over All Angles
The cascade particle-emission spectra integrated over all angles can
be obtained directly from the results given in section A. The spectra ob-
tained in this manner, however, contain many more parameters than are re-
quired to obtain a reasonable fit. To avoid this, the Monte Carlo results
were integrated over angles and the resulting spectra were fitted separately.
The procedure used to form the histograms from the angle-integrated
Monte Carlo data and to fit the histograms was the same as described in
section A.
In Figs. 8 and 9 the analytic fits are compared with the Monte Carlo
histograms for cascade protons and neutrons, respectively, emitted from
400-MeV protons on aluminum.
The coefficients for all of the cases considered are given in Tables 62
through 81.* These coefficients are to be used in conjunction with the
function F defined in Eq. 4. When this is done, F has the units number
per MeV per collision. It is important to note that in this section F is
not expressed per steradian as in section A. The quantity EMAX/Eo, given
in the last column in the tables, has the same meaning as before. In the
case of the angle-integrated data, however, EMA X is very close to Eo, and
one may with impunity take the analytic function to be valid from EMI N to
E
O"
Values of X_ for each of the fits are given in Appendix 2.
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Fig. 5. CASCADE NEUTRONS FROM qO0.O MEV. PROTONS ON AL























0 qO 80 120 160 200
E (MEV.)
2_0 28O 320 360 qO0
:]7
i0 -I






















Fig. 5. CASCADE NEUTRONS FROM qO0.O MEV. PROTONS ON RL













































































o qO 80 120 160 2OO
E (MEV.)
2qO 280 32O 36O woo
22
I0°





























-J Z _ O
CD
I.-- b'_ I-- tl
Z C5
Q _
_o_ o_o_ o_o_ _ _ oo_........... oooo o_og _
levi *lel le*l i**I eeee **el ieiI **le *tit
II II II Jl llll III It I III llll
l I I II
ooo _o _oco oooo_ _ o_o oooo.... _ _ 000
, , 777 _ 77T? , , ,T 7777 77 _°
I
Ill* ill* tilt lilt toil lilt till Illl Ill !
i t I II t
0000 0000 0000 0000 0000 0000 0000 0000 0000
II
ItII ItII Ill IliI till Ilil IIII IIII (Ill
000 0000 O0(DO OOOO O0
lilt till tilt lilt Illi till till ¢ e @/ • I _ •
IIit IIII lilt lilt IIII It I I I# II I I
ooo_ _ ooo_ oooo _2_g _oo oooo _ _oo
_ ,,,, ,,,7 ,,,T ,,,. ,,,T ,,,, ,,,7 ,,,, ,,,T
0000 0000 0000 0000 0000 0000 0000 0_00 0000
O> _ O O O O O O O O
















gggg g_gd dggg gggg dggo .........oooo oooo dggg
coco goco oc(o ooco ogoo ogo¢:..... o_oo ggco
z_ ....... _ _-o.... _-o.... _... ............
0000 0000 _00_ 0_0 OOC_ 0000 C, O00 OCO0 C'O_C
Nm_ m m mm _ _m
_ _ mom _mm
.......... g ...... _gg "2 ..............
l J JI I I I II II I I
I I I I I IIII I I
_o_
I I I IIII II I I I IIII i IIII II I
ooo oooo _ oooo _ _~_ooo _ _oo g_o_
' _
I I I I I
I
II IIII IIII Illl IIII Illl III IIll Illl
O0 0000
III 0000 0000 0000 0_00 00_0 O00r, 0_00
_ ...... _ _ _ _'_'_ _ _''_ _''
d''g ............... ;
Ill fill IIII IIII lilt Jill fill fill I II
_ oooo _ oooo _g ooo_ _oo _,_ o,_oo
ZZ III III IIII IIII III I1! IIII III IIII
o_ oooo o o_ oooo o oooo













0000 OCO0 0_00 GO0_ O_OC; 0000 0 o 000
0000
OC, OC C;_ O0 O0 C,(: OCO0 OC:OC COrO 0000 OOCO
_ 0 (_ C_ 000_ 0000 000_) _00 _000 _c_O0 0000 OCO0
_J_C
I I Ill III III IIII III III
I I I
cD 0 0000 0000 0000 000 000 0 0 0000
I I I II I II IIII IIII IIII IIII IIII IIII
O0 0000 OCO0 C 0 _'000 O0 0 0000 0000
_ 00_
I i • I i i
I I I
o_ oooo _g_o o_o_ _So_ oooo...._o g_oo oooo
_ _ " " • " ° , _ ° ° , • °
2
I I IIII IIII IIII IIII IIII IIII lllI IIII
Ill
,, ,,,, ,,,, ,,,, ,, , ,,,, ,,,, , ,, ,
0000 0000 0000 0000 0000 0000 0000 0000 0000
IIII IIII Ill Ill IIII Ill IIII IIII fill
ooo_ o_ o_ o_ oooo o o ooo
O_ _ 0 0 0 0 0 0 0 0
















............ gg_g "g; .............
_ oooo ooog ...... J ...._goo odJg o_oo ooo gg gooJo g ....
ooo
r .- _04o : ,.m r_ mO,,_ _m m_nm
,%o or-r.- _;%o%_ ..,%,o_.%,_ OO_"_u,h _'_,%,o _or-- 4-0D_,9
_oo........ _o _._-_o.................._'._ "_ " " " " " "
I I I I I I I I I I I I I I I I I I I I I I I I
O3
.-_ _ m o m- ,0 ,_ m .._ _, i-_ .._ m ,_ ,,,, o r, .-_ r, .m _m 0- ,,u •. u- m .-; t,,_ o 0,_
I I I I I I I I
ooo _r_o _ "_ "__(DOo OO OO Oo_ _ O_CDO _ _D _._ O OoOO O _o _
_ _ _ o%00 _ _ _o
.-_ U', r- f'- O" ,0 0 _ qD ,0 4 I'- t_4 _J ,0 r,; ,0'.% e4 ,,? ,d _" _% ,0 m,_ _ _" 0 ,0 ,0 m%
,, ,,, , ,,77 7777 7TT _ 7_ _ ,777 ,,7
O% O, C_4 ,-_00 .-_ 4) _D O_ 04 e4
I I I I I I
o°g ° g_g oooo_~°ogoo oggo og_g _og,Y g_go go_
,004,0 .-_ i_-0 Oh _X', 0 .-_ O_ e4 --; _0 ,_- cJO cO f'-- CO _C. _0 ."- O_ U', 0 -iD - _ _ID '.% 0 aO e,J _0 .-4 O%
77 _° 7777 7777 7777 7777 7777 7777 7777 7777
I I I I
_ ,-_ _ t_ _D U'% _'40 _- _-- _D OD _ CO _'%,-_ o_ _i- _" .-_o o%_0 o_ cn c_ _D _ _t_ _D __-o
_(_o_ m-_0m,,1- f,% f-- ,d ,-_ 0 oo, o%04.._ u% o,ooo,_- 4)
,.-i
o mmm m ,_ 04 _ _o
I I I I I I I I I I | I I I I I I I I I I I I I I I I I I I
I ! I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
oooo ooooo%0_oogo oooo oooo oooo%_ooooooo%00ooog _o_0
o> _'% o o 0 0 (3 o o o
_i_ud t_4 _'% o _'% o I.,% c2 u,% o




























_Wl ',t" _,0 F'-
U.II-- 000
Z_ • • •
_,JIE 000
• . • _ ..... _-_o.. _ • e • •














_Z_ C_JC_d" C_gg C_JOg dJO_ .......... ...........
oo _o_o _ o_ o_ o_ oo_'_g _ oo_'_o_ ooo_ _o _
m o ,,-,
I I I l I l I l I I I I I I I I I I l I I I I
_') OOC _ 0 0 OOC) C_OOC_ _0 0 _00 0 _'_ C_ C_ C_ 0
uJ
on,-_ r-- 0h _-
I I I I
N
JJ_U UJ UJ UJ _J 4JUJ UJ LU LU L_J ,JJ W UJ UJ
_o _o _ _°_
I I I , I , I I , I , , I I , , , I I I , I , I I





oo .... _og _;go ooo_
_ _J L_J LU ,_U UJ UJ UJ 'JJ _.U LU UJ LU Ud _ LU dJ bJ UJ CU LtJ LU _J LU LU UJ _J UJ UJ UJ U_ _IJ UJ dd UJ
r_ P"qr QOQD l_'C_ ,0 0 J', _ OD _0
,_, _ _, _: _ o.0;._._ _, _ ._:_ .... o
7_7 ° 77T7 T77 _ $777 7777 _ _,,,, ,,?? 777_ _
I I I I
_oo _-_Oooo _ooo ° _o_ ° _g oooo_.... ooo_ _o_ _ "_0 0000
I
_u Lu uJ uJ LUUJ LU UJ UJ UJ
_JLU
_0 m'_ ,0 .-_ xT c_i cO
I I I # I I I I I I I I I # I I I I I I I I I I
o ooo oooo oooo oooo oooo oooo oooo oooo oooo
o_ ~ 7 _ 7 T 7 ~ T T
ZZ I I I I I I I I I ! I I I # I I I I I I I I I I I I I I I I
0_00 0000 000 000 0000 000 0
_ _ o _ o oooo _ _ o ooo oooo
0_" _ 0 0 0 0 0 0 0 0


















Z_ .0g _oo _oo _NO0 _00 NNO0 N_O0 _00 _00
_:OOC OOC. O OC'C 0 OCOC OOOO OOOO O_OO OOOO
_.s C C;(PO Or_OO _...I _ O O _COO OOOC OOOO OOOO OOOO OOOo
I I I I I I I I I I I I I I I I I I I I I I I I I
4"mN _ mm_ m _o mm_ m,-, m_e_o mh-m 0".m
I I I
I
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
O OO OOOO OOOO O _-_ O O OOOO OOOO O O O '..J OOOO OOOO
_NO N _¢N _ I_-_4 1_.- NNN@ xt _-_ _ _f_ NNOO (_N¢ .... _ I_- _I_ _ I_-
I I
I
J_ L_ _ U_ k;J L_ UJ _J L_ _U L_ UJ _ _U _ _J _U _ LJJ UJ _I_ U_ _U U_ _J UJ U4 UJ W _ U_ U_ _
0_ 0_ 0_ _'_ O _r_ 4" _¢_ b'_ _ _ _. .-_ ,-_ _ _'_ _" O _/'_ I_ I_- _ r,.- _ h- r_ o._ r_ _,_ _'_ ,'_, r_
00
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
u.I UJ LU
0_'_ q_ ,'_ _" N N _0 _"4 N NM 0 _ O_ 0 O0 _-'I @ b_'_ _" _" q_" ".t N _ ONO@ '--_@ 0 '_
e_J 0_0 f_" _0 "_ aO 0 _D _t _0 _ O0 aO 0 N --_ 0 0 _ ,-_ 00_ O0 0 CO O_
o _ _ _.. _ c0 -4- 0, _ -.0 ONtO mt_ .¢ O O',4"0,.-, I"- O _n u_ m, ...t- _ _ _ ,.0 _ 0'.
I I I I I I I I I I I
• • oooo _o_°°°°oooo _°°°° oooo oooo_ oooo oooo oooo_
ZZ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
0000 0000 0000 r_o00 0000 0000 0000 0000 0000
O_ _ 0 0 0 0 0 0 0 0











dgg OgO0 OC>O0 0_ 0000 000_gdgg _ ................... dJgg
_000 _
..... g .................. _ ......
•
_ gJJC dggg dgdJ ggJg JJg_ ggJ& gggg _'''ooo ggoJ
I I I I I I I I I I I I I I I I I I I I I
h-¢_3
I I I I I I I I
I I
, , , , , , , , ?TgT ,, _ ???? , , , , ??'?
I I I l I
_" r_l r_4 ,,,-I m I'_1 m r'4 rM c-,I ,,,_ m m_cO
I I I I I I I I I I I I I I I l I I I I I l I I I I I I I I I I
ooo oo f???
"''d _''_: ..................... g ......
I I I I I I I I I I I I I I I I l I I
oooo oooo o o_ oooo _ooo oooo oooo oooo oooo
I I I ' I I I t I I I I I I I I I I I I I I I I I I I I I I I I I I













z_ • • *
w_ _OC;
L.U
oooo oooo oooo o_d_ _j_ d_ oo_o _
oooo oooo  ooo ..oo ..oo ..oo .ooo
eeel l*Ie leee e e* e*i _ lee •C'--O00 _-- " * " * • * *
_OC:O
It III III tll I I IIII Ill II II
_0
I I I I
I
• , • • • • • • • • • • • • • • • • • • • • • • • • eI • • • • • • • •
I I I I I I I I I I I I I I I I I I I I I I t I I I I I I I I
o
-_0_ _ t_ t_4 .-_ O0_CO CO _t_ 0_00 0_0 _




,TT ° 77, , , , , , 77,7 7%7, 7 _''_ 777? 7777 "'"TI I I I I I
, ... ... .,- ±-'_ .,., _.-- _,_,, ,,,-
_,_ .... _ _ _,.,, _ _,.,_
r'_ ,-_ _,_ _t_ c_ ,..._ P- _'_ _"_ a0 I_- I_- I".- ,0 u'_ o _ _0 a0 a_ 000 _1- n'_ .,t ,-_ m 0n o _1- un co _ t_ o,
I I I I I I I I I I I I I I I I I I I I
_ _ _ _ 0 0 0 0 _ _ _ _ _ _ _ _ _ _ _ _ 0 0 0 _ _ _ _ _ 0 _1 0 O 0 0 _ _
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
oooo oooo o_oo oooo oooo o_oo oooo oooo oooo
























O N -,-_ _'
_D .--_ '.,t
X'_. O" 0" r '_
uJ • , •
C_OC)
> O t'_ a0 ,_
CD'_. ,_ ..t N
U,J I--. OOO
Z _ • • •
W:I_ 000 gggg gggg .................ooo_ oooo dgo_ ogod oogo gdoo
OOC_O 0000 OOZE 000_ 0000 O_ O0 000_ 0000 000_
0
N
_c,o _c _oo o_¢o ¢_ca_ _ ............
II II III III II II II II II I
I / I
0_0 O0 0_0 GO00 0 0 000 0000 0 0 0000
I
I I II Illl Ill Illl Illl IIII IIII IIII
_o_ _ o_ _o_ _ _=¢_ _ _ _ _o_
Z:; ...............
I I I
elee • e el lele _eee *ell **_1 leee eee @ @ ! i
I I II l Illl IIII IIII IIII IIII IIII Iltl
_ oooo~_°° _ooo; g_ _ oooo.... o_;_ _ooo _o
_0 _0
_0 0_0_ _
II IIII II I II I I I I
_ ooo_ oo_ _ _oo oo_ _ oooo _
....... 7 ? 7ZZ '111 IIII I,ll Illl 'ill Jill III Ill I1'
o_oo ooo_ o,_ o_ oooo o o oooo o





,_ uJ _ o_
u l
.J z ,'_





_'_ ¢'_1..-. N coco _ ,o _0 P_
ooo, o ,._ _ o o _ o ...... o _ 0o, o
OC, O0 0000 0000 0_:; '00 0000O0 OC. OOOC OC) O0
0 _._ 00 O00C_ OOC. O0000 O00C OttO0 0000 0000 C_O00
o
,o ,,t ,.o c,,i ur_ P_ .-. ¢% ,_0 P.-- o_ r,- _ ¢'_ ¢_j _ t'..- ,,t c_I- (% o" _."_o O"
• • • • • • , • • • • • • • • • • • • , , ee , • • • • • • • • • • • •
I I I I I I I I t I I I I I I I I I I I I I
uJuJ _l_
_u_ cu
I I I I I
rn O_cOO f'-- r,.I ,0 xl" N ,.00_ r_ _ ,-_ r_ U'_ tn _ O_ _C ,4" _ ---_ 0 _ N _ CO ,',_ ,.0 ,--_ O0 0
oo oooo _o oooo _oo_, _,_oo _,_o_o _'_oo_ oo_o _
t"- ....4 _, _0 _0 Pr_P'- P" ,0r_,ON
I I
ooo _,_,_o o'-"-'"ooo ooo_ o_oo oo5',_ oo,T,,_ _,_ o ~~'-'ooo
I
_J_ Lu _u _ _ u_ _ u_ Lu _J u_ _ L_J LU UJ _U ,_J _u _ _ ,JJ
o o, _0 co
,-_ o_-_ rm N _D
, 7T,T "'_,, , 7771' 777T 7777 , ,7, T77, , ,TT
ooo _o ° oooo _g_ oooo _;_ oo_ oooo ooo_
I I I I t I I I I I
o o_ oooo o ooo oooo oooo oooo oooo ;_oo oooo
ZZ I I I I I I I / I I I I I I I I I I I I I I I I I I I I I I I I I I I I
0000 0000 0 O00O 0000 O00 0000 ',,,3










eeee eeee eete eee ee
oooo_° _ ooo_°o o_o ~_o _o ~_o ~_o
_000 _000 0000 _000 _000
eeIe eeee eiee • ee • e
Ce_O _0 ee IeeI emel • _ IeOOC'O OOCO O0 0000 COOC' O_OC
_ g oo.... o_&d o g odd dooo oog ogg oooo.... gog
O0 0 0000 O0
o_ _o -_ oo_ _
• • iee ee_e eeee




N _ _ _0
..... , ................. . ..._ .......
I II I I
..... _ g
ee • e,ee ,_e eeee eeee eeee eeee ee,e •
I I I IIII IIII IIII IIII III IIII Illl
_ o_ _ ~ _ o_ _ ..... o _
eeee e,.e ee.e ..ee .eee eeee .eee eeee .eee
I II
• ee • • • • eee • •
I I fill fill fill IIII IIII fill fill fill
ooo 3o_ o_ _3o oooo _o_ _3_; oooo_ 33_3
l
_._ _._ 3_ _ _'''' _ _ _,.'''' _4_
Ill II # Ill l I
0000 0000 0000 0000 0000 OOOO O00O 0000 0000
ZZ IIII Illl IIII IIII IIII III / IIII IIII IIII
0000 0000 0000 0000 0000 0000 0000 0000 0000
O_ _ 0 0 0 0 0 0 0 0














m-_ 0, 0, `o
ooJ
z _ • • •
ktJ _t_J ooc '_
_N
lell _ele it_e ee • • ceil
oooo oooc oooc oooo oooc oooo oooo cooo
• ao
E_ ,'-_ ,-'_ C C._ (_ rm _ O r,,J 4" ('_ O r._ t.m t_ ,,.-_ er_ `O en ,.,, ,,,e, ..0 ,'_ .-,._ ,4" `O '4" N t_ _- _!" ¢_1 ,4'- P-. t_ N
o odoo ogog ggdg Jgdg JJgg d_og oooo
O0 O ¢.,.' O O'O O O rDOOOOOO
_.,U U.._U., _ (_ P-.... U', 0" UJ L,U t.U-,,t" UJ UJ I.U .......oo,-, ,-,i 0,
m 4" ,,1- m _ m _ ,-,_ _ _m ,.-. m q' co ,0 `o ,,0
gJdJ .................... 2_g ..........
I I I I I I I I I I I I I I I I I I I
oo c'_c; o..o _oc.r} o¢'_'b o c'3 t"_ooo c_.o c) o_,
r_P.-f'-4-
t_cn ..ooo_ p-i_tm_ No_..._m'_ tl'_t._,.-,4" o_oo o. f_.l._,..-_t_ 4o0" rxl.O..t-ao
• "g " 'Z ..... g ........................
I I i I I I I i i
oo oo000 0 00000 0000
W UJ _J _J LU .U UJ UJ_J _JUJ
r,,,- o _ ,"-4o', o _
-o,~o _- `o`o~`o _";'T? 775 _ ?77T 7,_o_ ???. TTT_I I I I I I I I




o°g ° oooo~°°_ooog g~~'ooo _ggg o_o gong oooo_~ oo _o
_ t,u Lu _uJ_ bJ _tJ LLJ UJ _LJ ,,,_J_j JJ u_J u._ _J uJ uJ uJ
0 ,-._ `O `O
,--I 4" _'r f_l ,.-I
,,-I m P'- I"-
......... ". _ ,,,,,,_ _°-'_
_._._. .............
77 ''° 7®,°'7 7777 7777 7777 7777 7777 7777 _,,,
_00 " 0000 _0 OOQ
' _',._ '''_ ,,,_, ---,, ---,- ,,, -,-- _._''''uJ uJ IJJ w uj clJ u.i
,...i _o _D O `Oo_ o _o _oo _ `oo,
Nm _,
_-_o _-_d_ 2 ..... _,_ ,o,o.-,2 gg ............
I I I I I I I I I I
ZZ I I I I I i I I I I I / I I I I I I I I I I I I I I I I I I I I I I I I
oooo o oooo o oooo oooo o_oo oooo oogo















elee ee0e le0m eee0 0ee 00e ee e0ee
_OCC 0000 0000 O00C, gO00 gO00 gOOg 0000
0 _ 0 C._ 00C30 0000 0000 C., 00 "...3 00 r,.., 0 C-._0 0 0 0000 000_
0 0000 0000
,,, , , , , , ,,,, ,,,, , ,, ,,,
a0mO O_ c" m ,4:. _'-- ,o _ _'m_ t'.- O, _ o m m 0', O, C,O', _ .,1" 0 _ ,,t" m
oo
_ it-, ,,0 m ,,1" -_ c0 a0 co o ,'_ 0"00 mO',o _ 0 u", mm,'_
_o ,4"O'o,4" 0, _ _a 0, _- _ _4 _ oo',4-,o _N_0 c. _0 c...,.- _¢_ c0_
"7, _° 73"77 "'_',, , _''', , 7777 77T7 o'777 7777 77T"
,.-_ ,..4 t,t% _ INI ,-._ c_ tNi
ooo ;_o2_ oooo....oooo _g_, _'_ooo ooo'-'_'_ o_~_ _"_ ooo
m_--o _ _ c,,I ,o r-.- 0', _,.,.. o u'-__x_ .-_ .-_ ao -.om .-_mm o_ m,,l-
,.o Q,,
I (
ooo _og_ oooo _ooo g_oo _oo2_ g_gg ogoo oo_o
4" f-.- c_
,.-_ Cc_c_ U_ "4" 0 _% ,--4 r_ t_ 0". 0 0 c_ O_ .40 _ aO a_ .-44",0,-# c_ c_ tf_ c_ ,,lr f'-,- 4" aO r.- .-._ 0 ..0
t_'_ _._.%_ O_ _'xl _a%t_-- 0",0,04" _0 ,,t _ 0 _ O_ ,_. _- t_- h- ,-_ t_'_ t,_ 0 _ O_ a0 _- O_ O_ •4 - O_ 0 e_l 0
_°,--_",.-_e- • ° • ° ° ° " ° ° " ° °m e,I m o
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
0 _ ,.-I
o oooo oooo ggg_ _,'_oo oooo _ F,gg_ g_oooo ooo
u4!untu I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I %
oooo oogg ooog oooo ooog ooog oooo ooog o gog
ZZ I I I I I I I I I I I I I I I I I I I I I I I / I I I I I I t I I I I I
:2'000 O_JO0 0000 O_JO0 0000 0000 0000 0000 0000
(:3::*" U'_ 0 C) 0 0 0 0 0 0












0000 0000 _00 _00 _00 _00 _00 _00
gggg gggg gggg gggg gggg gc, gg oooo........ oooo
Z_ C_ C_ g g g_._ C_g..... O00C; gC_gg gggg g g C_ _," OOC_O'........... C., 00 C 0000
0 0000 0(5' O0 0000 O0 0
LIJ L_J _.U WU3 LU U._LU'.D CO
_0
I I I I I I I I I I I I I I I I I I t I
o o oc_oo o(_o o o ooo o o (-_o o oo o
r_o01 .,- ..'r_ 0
I I I I I I I I
/
co
_0. :o. • _._._.o.o._- o ....
I I I I I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I
g'_°oo o.,g_oo g_°o ....oooo _,._oo g_,g gog_ go_-g gggo
I
0"4"_ ..0 _ _0 I_ q_" _0 ,"'1 _0 _Q .--_ 00_ f"" _ _" _ _0 CO 0 _"_ I_ 0.,I U'h 0 _ f_ ,"_ "_ 0 ',_'_._'_ _1" _0
I,elo
OCO-_ " 0 --_ t_" O0 ,'_l ,0 _0 I'- 0 -._ r_l O
, ,, T??_ ,,, T??? ,, ,, ,,,
ooo _Yo°o° o2,_g oggg _g g_g_ oooo o°g,_g ooo_°_
, .. _'''' ,._'', --,,_ _'._ _'' ,, _ ', _' ,,UdWU_
o
I I I I I I I I I I I I
0000 0000 0000 0000 0000 0_00 0000 00,'30 0 ,_ ,..'_ 0
ZZ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I









• • eooo ,.oe *o*l olo •
_ogo o_,oo oooo oo_o o_og o2oo........oooo oogd
oooo ocoo ooo ooo... o_oo o_ _ooo°_












Z_ • • •
.......... * "°'' °° ...... e_ cco_
Z_ _im_ **el _ie ,e *=** !!** ,le,
oo_o 000_ O00GO00_J o00_
_0
• elee emee •
II II II I II II I llll III IIII IIII
I I II I
II II IIII II IIII IIII III IIII llll
000 O0 0000 0000 O0 000 000 000 0000
0_




II II I fill Ill# IIII fill IIIl IIII fill
ooo oooo o_ oooo _go oooo ;g_o _; oooo
l II IIII III II III
_00 _0
eele elee eele • e*ee eele eeee
# IIII III II
0000 _ _O_ 000 O0
=_ ,,, ,,,, ,,, ,,,, ,,,, ,,, ,,, ,,, , ,,, ,



























_X COC 0000 C_O00 0000 C'O00 00_I_ OOCC 0000 OCO0
O0¢DO • • • • • • • * • • • • • • •
mo _ o ,-.-* C,
I I I I I I I I I I I I I I I I I I I I
O0 000 000 OC 0 0 000 _c_ C) _ 0 C 0
m_m _
,..4,..i o-0
......... "Jo _2c.," ' ....................
I I I I I I I
UA U4 t_ _ t_ L_n t_ t_n U-t_
_77 ° ?_77 T_T7 _-'_,, , 7777 777 _" 7977 7777 79T7
0000 C>'O0000 C,> 00 00'7-'0 _J,
I I I
ooo _oo_ o _ooo oo;_ o_ ~_oo og_o° o_ _;o oo"_oo
I
N
_77 ° 7777 7777 7777 _ ....,,,, ,7_ '_ ,??? 7 _'_',, , 777T
t I I I I I I I I I I I I I I I I I I I I
_@0_ P- _ _D ,.-_ _ 00"_ %_ "-_ _D _ "_ _DO _D _II_ _" _ _'_ ,-# _. OD OQ ,0--_
p.,.
I I I I I I I I I
oo_o oooo oooo oooo oooo _°_°° oooo oooo _ooo o
_ ,,,, ,,,, ,,,7 ,,,, ,,,T ,,,, ,,,, ,,'' ''''
oooo oooo_,00,oooo ooo_o oo 0,oo o ooo oooo oooo_,00,oo_
o> _ o o o o o o o o













:,.. ,0, 0 ,'-t co
_.D%. ,41" ,.-_ O0
uu I.-, 000
Z_ • • •
I.,u :_" 0C20
tJJ
0000.... 0000.. 0000 0_00 0000 0000 0000 00_0
OOC 0 000_ _00 O0 .............O0 0_00 0#00 0000 0000
0
0000 0_)0 0000 _OCO 000_ 0000 COCO _000 0000
eeeI leie eele • ee eee
II I II IIII I I / IIII III
m_m o
mm_ _ mmm mm m _mmo _ _ _o _ o_mo mmo
e _o* mc_ m eee_ ¢ e eme_
I I I II I
0 000
_o_ _ _@_
_5 oooo_ _S_ _o oooo.....o_
leo, 0,,, ,0,, ,,,, .,,, *.oe eeoe ,ee, ,.ee
I II I II IIII fill llIl IIII llll
~_oo ooo~_ _ _S_ oooo _ S_ oooo....o_
I
I I II tI I
eeee ieee eeel eeee eeee Ieee eeel eeee eeee
TT _ T T ? _? TTT? ?T_ T??T
000 _ooo _o_ _ oooo_° _ _ oooo...._ _o_
O0
2
I I Illl III II I
O0
ZZ IIII IIII IIII III / IIII IIII IIII IIII IIII















Z_ • • •
_ OOO
b"
z_ .................. d ........odoo oooo oooo oood d_og c_g_ doe C, o o (3 c; "-._c> o
o-f_-- _.,%N u,% ,.,w _ f_ ,4) _ C) u"%
,-,0', o c) ,-_ _D 0" C ,-_'_ C.3 m N_e,0 ........ 2_02
I I I I I I I I I I I I I I I I I I I
_L C, OO O OC_(D OOo O {')_ _-: c.) cD o o(%oo
tuuJ tm uJ _u uJ tu un _u uJ un un _ u_ uu &u unw
a3 _.
(2 -._ om ,=_
uq _i-
I I I I I I I I
oo000 OOOOOOOO
uJ uA ud uJ dJ ILlUJ U._ t.U _.U UO UJ Ud tU
•,D ...._ r _
c,,, (_0',
-'% .0 (_ co
,-. ~.0o ,-.00.,..,o o _ _o._- .I-0.
.. • • . • • . • • • . • + • . • . . . . . • • • • . • . . • . . • • •
I I I I I I I I I I I I I I I I I I I I I I I I I I I I
ooo ooo_ _3_ ..... _ _'_ o_ o_ o ooo c.) of 2ooo_ _ (_O OOOO O
LU tU UJ _U U_ _U LU U_ uU UJ _U U_
o .... _ _
_. • • _o._...'_" +-:_,_,_2_._ _,-/.%._,+_, _,+_+.:o_.+%. +,,_._.•• .
_ :x_ ..-_O ..-,r._ .,_-r,_ .--,.--_,.-_r_ ,_" 4" _ _x_ _,0 cu _ m.. 0. _- .-, _..-_ ,-..,,-, N ,-_ --, .._ ,-*_
I I I I I I I
o_ _o°o?_ °o°"_ _o °° o "°'' oo~ oo "_ o_ 3_o o_o_O0 0 0
I
LU LU uU 'U_ UJ uu 'U u_
• • • • • • . • • i • • • • . • • • • • • + • • • • • • • • • • • • i •
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
OoOO
w ,IH uJ _u uJ w _.u _JI I I ,,I, ;lu ,,I, I_ _uu_lI ,.I ,I I, I I,uj_j luJ Lu u.l ,111 uJuJw ,,1_ .....
•-, _ g
< _ _ _._0_"°_'__ _ _+,0 ° ._._ _o_ o_ _0,_
_... _._+..........._~®_ o,,-,o® _
C'4 ,0 f" O ,-4 ,0 ,,,_ e,_ m- 4" ,0 h'% ,4" ,'_ ,,,_ C0 0_,0 4' ,o co ,o N 0", ,,-,_ ,,_ 0". ........
I I I I I I I I I
O000 0000 0000 0000 0000 0000 O(_OOa_ 00000,_ 0000
_ ,,,, ,,,, ,,,T ,,,T ,,,T ,,,7 ,,,, ,,,T ,,,,
oooo oooo,_ oooo oooo_ oo_o ooo_+ oooo_ oooo oooo_,_
o_,, _,% o o o O o o o o
uJ_J N _ O _F_ O %'% O _F_





_i z _ Lc_





Z_ 0ee oooo° °°".. .ooo°°°°'""o-oo"°°'o'" oooo"°°"'"oooo"°°"'"oooo :°°"""  oo
,eee ,eel ee,e ,eee eee e,ee ,eee eeee • •
0000 O00C 0000 0000 0000 0000 0000 0000 0000
o _mm
eeee elel eeee • * eel
I I III I! III II l III Ill III |II
ooo ooo (_o ooo o_oo oo _oo o_o o
_o _
ee,e eee, eele ,e,e eeee eee, e,le eeee eele
I I I I
0 000 0000
leee eel ,e •
_e _ eeee ,ee, , ,, ,eee le ee
I I III II IIII II I III Jill IIII IIII
o
_ _o_ _ .... _..... _ _o
• ,le ,e,e eeee eee ee • •
I I I I I
ooo _g_ oooo_'_o_ooo ooo_ _;_ ;g_g ooo'_ _;_
I I
mmm _ mm_m mmem N _ g m_o_
• ,ee ,e • el ee e, • eee
I I III IIII IIII IIII IIII IIII IIII IIII
II III
_ _ _ _i_ 4_
_o
I I I I I ! I I
• . _ _ _°°°_ _°°°° _ _°°°° ooo_ _ _°°°°
o_ ....... 7 7mz IIII IIII IIII IIII IIII llll IIII III III
o_ oooo ooo oooo o o o_ o_ oooo_ _ _ _ ooo
O> _ 0 0 0 0 0 0 O 0















_ ooo ogJo J .... o
_ gggg gjgg _'ggg ggg_ d_J gggg gggJ gdgJ gJJg
o _m coo ,t c0 m _ mm_ o_ _ mm _o
I I I I I I I I I I I I I I
e_ ,o0_4 ,-_ t ,,t P-g0 O O_
• _O 0_O4 e4 40 O e4 "4"
co 04,-_
_m too N_0"O _7OO4 en N -_ ,_ * ..... OO ,-_ O O O oh -_ O O 0% ,_ O O
_._ _ _.*_ . ..... 2 ............ _.
_~_o,,,_i .....7 ;7 , ,,_ _T77 7777 777T ?,T~_ ?T _',
.................. _"_d " 0_/ "2.1" ....
_o,o .. ".;_g ~ " "_
I I I I
ooo_ oo;3 ggo_ g_o_ oo_o ;_oo goog
_. O' .-. 4"00%
?T_ ° 7_7 ??77 ?7T _ _,, , ?777 777? _77,, 7777
000 0000
., - . • ,, ,,, ,,, ,,
.-4,0."4 .,.e ,-_ _. O0 ,'_ 0'% [" W" aO D'- ,_*. .0 ,_%O_ .-_eq m- ,-_ .-_ .0
_D e_ ,0 t-4 oO _t% _ OD,O _%0" CJ oo ,0
ee
I I I I I I I
000 000 O0 O0• • 0_ at)
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
oooo oooo oooo oooo oooo o ooo ooo,_,_,,00,oooo
O_ _t% o 0 o o o o o o









Z_ eol oooo oooo oooo oooo ooo 
elee eeim _elI ee_e eI_ i_le eie_ eli
0_0 0000 0000 0000 0000 0000 _0_0 0000 0000




g_Z" "o 4C_2 ¢_......._=_ 4Z_C _.Z _~_ _. _Z_'" "
I II I IIII Ill IIII Iltl IIII IIII IIII
O0 0000
• e_ =e_e • ee *
II I I
ooo _o_ oooo ooo_ _~_o oooo.... _ o_ _
I II I 1111 IIII IIII IIII IIII Illl Jill
0000 O0 000
O_ _
II 11 II I
• . _ _oo_ oo_ oo_ _ _°°°° _ _oo_ _ooo
ZZ IIII III IIII IIII III IIII IIII III IIII
o_2 _ o_oo o_ o_ ooo o oooo_ _ oooo o_2 _ ooo











..... _99 .......oooo _oo .......
0000 O0_O COCO 0_00 CO00 _C_O OOCO O_O0
_ ggdd ddgd dggg gggg ggdd gJgd dggd gggg g_dg
_o _ N_ _ _o _ _ _o _
...... J2e= _J ......
I II II II II ill III1 II I IIII
o
I I I I I
.... " _3_...... _ _d "_ ............. 2;2




I I II l I
_3 oooo...._3_3 _ ooo_°_ _oo _ ;_ _
_jJg _3_3 g232 _Z_ _2Jg _j2 _jj 3_j 3g_J
I I ;II II I II;I III; IIII I;I; IIII Illl
000 O0 0000
I Ill II I IIII | I I
_ _®_ _o _o_ _ _o_
~_o°_ _g_ _o_-_ _oo_ _ _ _g _._'_" o_ _ _
; I I! I I I
ooo_ _ oooo oo_ _ooo _ _ _ooo
ZZ fill Ill IllI Ill Jill Illl Illl Illl Ill
OOO0 0000 0000 0000 0000 O_O0_ 0_ 0000_ 0_















CO00 0000 0000 00_0 _CCO 0000 0000 _000
Z_ gggo gocg gcog ggog .................
c, ooo _ooo oooo cgog oood
d_gd .................
II II I I It IIII Ill III Ill
0 o o_ o o_ _ ooo_ o_oo o_oo o_o o_oo
_ _ _o _
II I I
o_ _g _'_ _ _ _"_ _ _oo o _ _ -_oo oo 0000 0 O0 0000
gZZg _'2g _Z2_ g_d gZg_ _ZJZ .......... tt
I I II Ill Ill I1 IIII Ill IIII III
oooo ooo_ o_g_ oooo_ oo_ _g_ o_0000
I
_0_
I I I I II
_0 _0_
_0_
eee0 e_o _e_ eeee ee ee_e • oe • oe
? ?o T??? 7??? ,,,1 ??? _*~ II JllI
_o_ _oo _ _ _o o_oo _ _ _0 _
ooo oooo oooo oooo ooo0 oooo oooo ooo0 o0oo
_NO
_ _ _o_ _ o_ _ g_ _o_0_
I llll Ill I II II
• . _g_g _oo _oo ooo
Z_ IIIl IIIl IIII fill III_ IIII fill III_ IIIl
0_ 0000 000 O_ 0 0000 0 0 0000
O_ _ 0 0 0 0 0 0 0 0










z_ • • •
u,l_ ooo
u,l
_0 _NO _ _0_ _0_ _0_ _ 0_ _
0000 _000 0000 0000 0000 000_ 0000 00_0
, oood ojoo o&oo _;odoog dooo ggog ......... _o _ooo _,ogo
djjj jjgd _jg _2Jj 22_J 2_2j j2J_ 2jJj 2Jgg
I I II I I Ill III It I I
I I I /
oo ooo _3_ _--ooo oo_o _o_ _oo_ _oo o_g
I II I ' Ill 'ill |ill ,ill lill Illl
_2;d _;2 _ 2222 22_; 22d2 _g 292; 2g_2
I I I I I
_°_ _- _ _ ....
_ 77 7_,,, 777T _77 7777
ooo oooo ;_g8 _oo 8;_8 o-o- ooo
_2_d j_33 _gJ 22gg 2g_2 2_2; ;_22 32_ 22;2
I I IIII I I II
ooo0 oooo oooo oo _• • _°°°° _ _ _ _ _ _ oo_ _ooo_
ZZ IIII IIII IIII lilt IIII III -- IIII Illl IIII
0000 0_ 0000 000 0














z_ • • •
_ CCO
oooo oooo oooo oooo ooo
ggoo _oo_ oo_ ................
_OOO OOO_ OOOO OOOO OOO
_ _ggJ ggod o gg oooo.... ooo gggg ggg ........
OOOO OOOO
O OO O OO
I I I I I II I III I I tl
_0_
................ g&.g ...... _g ....... g
I I I II I I I I I
_o O_OO OO_O OOOO OOOO OOOO OOOO OOOO O_OO
I III II I I I III I II IIII
m_m mmmm
I I I II I I I
e* eel* ele* * eeee *ee • • Ieel
_o oooo oo_o _o _ _ _ _ _
ooo oooo oo?o o??o oooo,,, oooo,,,77?? ?ooo,,,ooo?,,
I I III II II II I I
SZ. Illl Illl Ill Illl III IIII Ill IIII Illl
o_ oooo o_# o_ oooo ooo o











• • ee Ioee
I I! I'!t i I !g_go ogoo oooo ogoo gooo oggo ogoo oooo
e_ee leee • ee e0el _ee_ • *e elee e0_e
000_ 0000 _000 0000 0000 OC_O 0_00 0000
• " ooog ogooz= go ...... oggd ggdd gdgg dddg ggdo .....
_I_ O0 000(:3
O0 O0
kU u._u U.J _,._ tU UJ _.,u dd _U tU _L,r,4o
_- _ _ _ _ o_ o_o_
! I I I I I I I I I I I I I I I I I I I
c_ oo t.._ o c_ o o(_ o c) (_ o o oooo ot-_o ooo o _.j_.-_ _._ o c_ o c3
I I I I I
ooo oo_ _ oooo _o_ _ oo_~_ _oo oo_o _
uJ LU _J UJ_J LUUJ
m,-,_c)




o_ ®_ _ _,_ ,®,_¢_° _
T'T ° TTTT _'_$7,, ?TT? _'_,,, ?T _, , 7T77 _,, ,? 77,_
ooo o°°oo oo;° o°_3_ oooo o°ooo o°oo°; oooo° o°o°oo
=='= ='_'= =''=_' '''' ==_=_' u_'_" ........
t._ e_ N,._ 0 aO O0
• e 0 • • • • • = * • • • • • * • • •
I I I I I
oooo oooo oooo oooo oooo= oooo _°°°° ooo_ _°°°°
I I I I I I I I I I I I I I I I I I I l I I I I I I I I I I I I I I I
0000 0000 O 0000 0 0 Of.JO
_, ooo _,oo, ooo ooo _ o oooo_,_0,ooo_
O> _ o 0 o o 0 o o o









z_ ggd_ ggg_3 ddgd gggg gggd gggg gggd gggg gggg
_-_ _-_ O_ 0
JJgg "JJd JJJg J.;JJ JJJc" "'JJ JJ'J "JJd J_"
I I I I I ! I I I I I I I t I I I I
I I I I I I I
oooo oooo oooo ooo; _;_ oooo000 O0
I I I I I I I I I I I I I I | I I | I I I I I I I I
0000 0 O0 000 0000 000
I I I I I I I I
ooo gogg og°g ;Soo -.._og oog_, ggg,S gggg o_og
_o00_ rM,_ _O _- _N 00 -=I_I" 0 _O 00_0 Of'- r_ NO
_,0_" _i_ O_ 0 00_0 _ N _'_ :._ _0
I I I I I I l I I I l I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I I I I
•-._ I'x_ _'x_ _1- _ _ _i"_0 _ u'_ u,_ c0 ,-4 u'_ c0 r_ _0 .-i a0 u_ o _
--4@0
I I I I I I I I I I I I
oooo oooo _ooo oooo oooo oooo ooog
.. _ _ _ oooo oooo _ _ _
ZZ I I I / I I I I I I I I I I I I I I I I I I I I I I I I I I I / I I I !
O_ _ 0 0 0 O 0 0 0 O













Z _ • • •
Z ._ 0000 ..... OOd OOOO 00 ",.J d g
OOOQ O0 C_ OO O0(J OL'_O
I I I I I I I I I I I I I I I I I I I
O0 0000 000 ("_ 00_0 (3(J _0 0 O0 0 C:,O0 0 C_ ,._ 0
,._0_
or.-o.0 _,_o,,, _..,_ o_
_..: • . 0; ...... o._._. .... _ _. .....
I I I I I I I




• • • • • • • • m • * • • • • • • • • * • • * • • • • , • • • • • •
ce_ 0 -d" o
_j _d_0- ...."_o ®2 ...............
I I I I
ooo
L_W_U
• e • • • • • • • • • • • 0 • • • • • •
?77 ° 7_77 77T7 7777 7777 7777 _'7,,, ??_T 77?7
_o_ gO-Oooo oo''o°° g$o$ °~_ooo °_o°o F;°_ °o°°°ooo °o°o°o°
' _'._ _'_ '_,_ _'','. _,_' , _,-- ........
u_
_00 _t_e_ 0"_ tC'_ --_ P-00
• --_ 0 fM
J'-_g ..... e
I I I
ooog oooo oooo oooo oooo ooo o,_ _,00,_
_'- 7 " " " 7 _ 7 " 7ZZ I I I i I I I I I I I I I t I I I I l I I I I I I I I I I I I I
oooo oooo oooo oo_o o oo _, o_o oo_o

















g_d ............... ggdd _2g; gZd_ _o-
I II Ill I I I II II II II I
o oo _oo oo _ ooo ocoo oo o o_ o_ o
ee*e *|e* *eee e oee eeoo oeee eoee Oeeo gee
I I I I
o _ oooo ooo_ gong oooo...._g _o_ 0000
£Z .....od _~_o..............._ _~ _~ _ _ ..........
II III III III IIII Ill III Illl III1
0000 0000
mo
I I I I
,,, ,,,, ,,, ,,, ,,,, ,,,, ,,, ,,,, ,,,,
_ o_oo o_oo _o -_ ........ _o .......0000 0000 OOO0 0000 0000 0000 0000 0000
' _,I_ G _AA A''' ''AA A_A '''' ''_A
g_g Z2_ ......................... ;g_g
I I III II I I II II I
oooo ooo_ _#_ _#_ oooo oo_ _ oooo _
IIII IIII IIII IIII III III IIII IIII IIII
oooo_ ooo#_ o_ o_ oooo_ o_ o_ oooo_ o_











.... jjog oooo ooj" _jjj JJJgoooo JJJo ....oooJ ....... o
=_ JdJd ggJg Jggg dgdJ dJgJ ggdd gooo....... _oo_ gggg
O0 _00 O0 0 000 0_,0 0 O0
o
_gg _ .......................
J I II I II li II III II
000 0 0_00 0_0 0 000 000 O_
_o _ _ _ _ _ _ _o_ _
e_ee ee e • e_ee eeee eee_ eeee eeee eeee e_e_
III II I I //
................................ _
,, , , , ,,,, ,,, ,,,, ,, ,,,
0 0000 0000 OOOO 0000 0000 0000 00_0 0000
I
_e • iee_ • • • ee eee_
III I I I
II I IIII IIII llll IIII llll IIII llll
' ' 3_ _'' _ _ ''_ '' ''
0_ _0 _0 _ 0_ _O_ _ _ 00_
II II II l
oooo oooo oooo oooo _ _ _®°°°° _oo_ oo_
ZZ IIII IIII IIII IIII IIII III I IIII IIII IIII
oooo ooo oooo o oo o _ _ oooo o_











I',. O0 OD ,,:r I_ 0 fr, 0 I_ tM
O000e • • • • e • _1• .. oo_ ° ,_ o_°_ .-._ ¢.-.• . o._o.o. .. • 5_.. ._~oo...
0000 0000 0000 0000 0000 0000 0000 0000
,.,!- O_ 0 _0
U.I OC'O0 0000 0000 0000 0000 0000 0000 O00C 0000
,'_ _10 ¢_ .-_ t_ ,._- _,.._ _,- ...._ _ _" e'_ "_ ,-_ _.-_ ,-IN
000 O0 0000 CO 0 000 O0 0 O0 O0
ddc-'g Z''& "d ...............
I I I I I I I I I I I I I I I I I I




_,_, o_- _C_o_..._0_o.¢ ¢¢_ _0._,_ _, _ o_
i_" O_l 00 _ 0m t'_ 0 m'l <D -_D .-_ _ I_ ,_'1" _ t_l ._ _ _ .-_ .._ _'_ _-._ t'_ _- 0 e'_ _ .'_ O 0 ._ I_ 0 ¢_1
I I I I
o_ ooo_* _g_ _g _oo ....ooo_ _g_o _ _g~_oo ooo_;
I I I I I I I I I I I I I I I I I I I I I I I I I I I
_o _ oooo'_'_~,_oo_ ?,_,o_ oooo'_ o_oo _g_ oooo_ _go
P- ¢e_ ,0 ¢0 cO aO te_
I I I I I
I
"T ~° _'_77 777," 777 ~ _', , T_T_, 77 ''_,, 777T 7777
oo _o_o o°_ _'_oo o_,_o_ oooo_"_ _, g_oo ..... oooo _o_ °
...... _ _'.'," _'.,'..,',_,,,, _,,, _ ''''
W UJ LU CU UJ UJ UJ UJ
o_, _
0_0 _0
_'_0 _'_ _ 0 _D 0 I_- --_ _ _ I_" "-_ 0 _ _D _ 0 _D _r_ _-_ -._ 0 _ _r_ 0 _ _ _ f_I _0 _t r_I f_I
I I I I I I I I I I I I
oooo oooo oooo oooo oo _• . _ _ _ _ oo oooo oooo oooo oooo
ZZ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
ooo o oooo oooo 0 2 o oooo o o oo
_oo _o_ ,,._ _ ,,.°° o_ _ o o_ o























_00 _0 _0 _0 _0 _0 _ _
0000 0000 0000 0000 000_ 0_00 0_00 0000
eee Ieee elel eele eee • ee ee eeee
0000 00_0 0000 CO00 00_0 0000 _000 0000
W 0000 00 _-- 0 0000 O_J_O 0_00 0000 0000 0000 OOC'O
"40 _ 0
jj - ..................... _. -_ • "_. ._.
I I I I I I I I I I I I I I I I I I I I
_ 000 0012) 0 0000 O0 0 0 0 0000 f'_l_ 000 C"_
Ou",
I I I I I I I
oooo oo o oooo og_ _o_¢O0
...... j ...................... j • . .jj •
I I I I I I I I I I I I I I I I I I I I I I I I I I I
_o ° _ _o_ ---,,--,,-., _...,_ _ _ _o_o_ _O0 0000 O0 0000 O0
00_0 _04" _- aO nO O_ _ _ -_ _- 0 _ _ ¢_ ao O a_ a00_ _- 0 _ _o_a0 u_ -,t _I" -_
_'.. _O cO
I I I
oo ° ooo_ o°oo_ oo_o _o _o oooo.... o_g _o ''_oo
LAJ_J
O'_ "e'_ O O ".t O _ h- O _O _,l ,-_ ._ f"_ ao N O0 _,O O_ _O _1P '.- rr_ .,,i .,_ t_ ,O _D r',.,- ,,-, ,,,_ o4 c,_,l .,,t-
"" " _Jg _.-:'_¢ 4 ........
,,, , ,, ,,,, ,,,, ,,,, ,,, ,,,, ,,,, ,,,,
000 CDOOO OOOO OOOO OOOO OOOO OOOO 0000 OOOO
,,;,4'' ' '''' _,,',_,,', _'_ '' "_''A ,.','_"LU LAJ _LJ LAJ LAJ LAJ LA_ L_J LAJ L_J LAJ LAJ LAJ LAI _J LAJ .AI ULJ
_0 h"- -.,1" './", O4 _O CXl i'_"- _" C'xl I"- _O .,.'_ ao m_, O4 r_ ,,-, ,.-_ t_. i'_- co ,,O _', ,,-_ ,.--, O'_ _" _", 00 ,.-,_ r_...d- O e_
I I I I I I I I I I I I
0000 0000 0000 0 '-J 00 0000 0000 0000 0000 0000
ZZ I I I I I I t / I I I t I I I I I I I I I I I I I I I I I I I I I I I I
0000 0000 0000 0000 0 O0 _,_ 00 0000 00_0 0000r_O_ _,00" _,00 _ _0_ ,.,_ ,.,00,_0_ _0 _ ,0_









Z _ • • •
w sr ooo
*** *** * **" **** C:O00 0000=_ ooog ooog gggd gggg ogdg gooo oooo .......
g_c'g dggd ggdg _J_Z g2_ cj_ 2_;g _:2 2g_g
I I I IIII III II II 11|1 I II
O0 _ _N _0_ _0_ _00 _ _0_ _
o
I I I I II I
000 C_000_
m_ m m _m_m m _o_ Nm m
II I II llll lllJ Ill II II II
_J_ _g_ d2¢g g2_2 _2g ;¢_ _jg d22g 2j_j
l I I I II I
Q_
llle i,ii • • • ii • • • •
II I I IIII IIII III IIII IIII IIII IIII
_ NO00 _ 0_00 _0_0 _0_ _ 000_ _000000 0000 0000 0000 000 000 O0
I I IIII I I I I II II
I II I I I
0000_ 0000_ _ 0000 _ 00_ O00_. _ 00_
_ Y ~ T " T ~ " T
Z III IIII III IIII Iit IIII IIII IIII III
oooo_ o_oo_ o_ ooo_ o_oo o_ o_ oooo_ o_
o> _ o o o o _ o _







-_ _, o _ _ _o ° _ _ _.
_ o_o oo
XO 0 I_ --
SddddS ddg
_ d d d d d d d d d
u_
I-I
_-] (-.J 0 F__ (,-I rJ Q _.l
• • • • • • • • • W
I I I I I I
- _ - _ _ _ - _ -
O- f_ OO _'_ f_- CY f_
CY f_ O0 0-
O.
U_
0 _ _ --
0
I I I I i
g _ _ g g N N N _
I_) 0 rn
_o l.u u0 It_ l.u
co .o _




-×,,o_ _- _, _ _ _ _ _
0 0 0 _ 0
• _ _ _ - - _ _ _- -
_ -u'_ r,,-
! I











_ L.m.J 0 0 0 (X3
0 _ r's 0
0 0 0 0 0 0 0 0 0
dddd gddod
o
L.j 0 _ 0 o
_ o o o o o d d d g
ZIC • • • • • • • • •
_ rn 0 n Cl r'_ 1:3 r'_ r_ n
• • • 0 • • • • •
I I ! I I I
• • • • • • o • •
N0 0 0 0 0 0 0 0
(
_ N _ _ _ _ _ _N_, o
m
o o o o N o o N _=
I
o° N o o o _ o g o
w u._ w w
I I I I t I I
I:_. _1 c'l Iz') 0 c'l c_ i_:) (:_ k--2
o o o o o o _ & ,',
×o o - _ _ _ - _ _, _
dddddddd d












°p _ T ° T T _ ? -
J
c_
0 0 0 0 0 _'_l 0 0 0
I !
, T , T , ,
_ _ _ _ 00 _ _ - _




_ % _ _ _ _ _ __
= = _ _ = _ = _P_










_-'% _ t_l o o o cJ 0
gddd dd ddd
o
z_ • • • • • o
_J
UJ r_ 0 _-J 0 0 0 r_ r_ _j_
J J _ J & J _ j j
_--_=_
_=__"_




T _ T _ T _ J _ J
o _ o
g _ ' j g 2 j
C) _ 0 0 0 r_ (:3 r_ 0
j _ _ J j _ J j j
A
0 0 0 0 0 0 0 0 0
I I I I I ! I _ !














_ o o o o u_ 00
_. ,d0_ n 0 0 0 rs
r_ C3 0 0 Q 0 0 0 C_
0
w_" rs 0 _ 0 _ rs 0 1:3 r_
_J
,_ __ _ _ _ _ _ _ __
w o 0 ms 0 0 C_ 0 r_
_0
rs _ rJ rs rJ r_ 0 _3
- - = _ _ _ _ ___
T_T_T_TT_
_ _ - _ _ _ _ __ _
_ _ _ - _ _ _ -
? T _ T ? _ - _?, , ,
--_-o_-_o
" _ _ _ _ = _ _
I I I I I I I ILL
_o
_ = _ - _ _- _ = _- =
_. _- _ _ _ ,,
._ _ ; _ _ _ _ _ _ =
-- ',_ U
I{_ {:3 r_ r.J {:3 -- -- (3 _._
I I I
I I I I I
- g
I
_ _ _ d T _, - _
0 0 0 _ 0 0 0 _ 0
I !
I I











_W 0 0 0 _I 0 _I
u_ .I" rl 0 0 r_








I I I I I I I
0
- o
_ _ - _ o _ _ o
o _ - _ _ _ _ o _
_ T _ , , , , ,,,
_" _
j _ ._ j _ _ • _ j
I I I I I I I
O0 r_ r.-
-
_ _ ._ _ _ _ _ _ __
_-_o_
• . j j ._ _ = _
I I I T
_0
ddddddddd
_ d d d d d d d d d




I I I I I
_ .......
, , _ _ T _ _° - T
o o 0 n _ o0
I
• _ =. _ j ....














uJ _ N r-I n _ r_ 0
r_ r-I r-i 0 r_ r_ LJ C_ C.1




_ d d d d d d ,_ d _=
0 0 0 0 0 0
_®_ _-_
I I I ! I I I
.o _ _ _ _. - _ _ _
_ ,_ • . _ _" _, -
| I | I I I I I
C)
O" 0 C) O0 O" _ O_ -- rrl
I ! I I I
_W
I,M
_o _ _- _ _ - _ :, _-_
ddd_dddd_
_j g_ g N g r, _ N _ U
..... d " d " d
z_ d d d d d d d d d
,o
g;dddddgd
o 0 0 0 rs rs rs 0 rs
,T,,,,o_
0 0 0 0 0 0 0 rm 0
uJ uJ uJ _. uJ _J uJ w t_J




_ 0 0 0 0 0 0
I
- - _ _
I I I I ! I i I
69
-- _ 0 0 0 0 0 0 0
0
UJ_ 1:3 _ 0 _ _ 0
W2. Q r'_ 0 0 C3J r_ r_ n U
W
z_r , • , • , •
tu
d d d d d d d d d
o
m






t I I I I I I I I V1
.... _ - _ _- _
• • • , • • • • • n¢
w
• , • • • • ,
- _0 - _
o d ° ° ° R o o oo o
_ _ _ _ _ - _ __
..... j " _ j
_' ? ,_ _ ?, ? , ,
o_ _ o o o o o o o o
j j j & _' _ _ j j
m • • • • •
T
I -- I I I I I
U
_ _ 0 0 _ _
-__-
0 0 0 0 0 0
I
_ _ _ _ _ _ _ _ __
• • • • • • • • •
I
N °oNNNN°_N
_ _ _ _ _ - _ _ _
7O
C) 0 0 0 _ 0 0 0
i • • • • • • • e
XO _ O" OD 0
_ d d d _ d d d d d
0
_ d d ,4 d d d d d d
w
• = - - _ - - g o _
ZZ • •






_. _- _ _ _, _ _ _ - -
_1-- o n 0 0 rJ 0 rn












d d _; _ d d J d &
o
_ g j j ; J J J ; o
I I I I I I I I I
j -' j _ J o: ,_ J J
-- r_ 0 0 0 0 r.J 0 r_




, ? ? ? _' '2 ? _ 7
tm_ u_ 0 0 (:3 0 r'_ tm 0 C3
uJu_ ty _f_ t3 _ 0 u_ o u_ 0
BBBBBBBBB
I I I I I I I
j J J d J ' " J "
I / I I I I I I
Q _ rm r_ rn n
I I
__ _ -









ZX • • • • •

















_ _ " _ _ _ _ "__
_ - _ _ _ _ _ _ _
,_,_TTT_
_ - _ _ _ _ - _ _
0
_ _ . • _ _ _ _
Q D 0 C_
m m f_
_ __ _ _ _ __ _ _. _
_ _ "_ _ _ _ _ __
_ _ _ _ _ _ _' _ _
I I I I I I I I I
_ _ _ _ - _ _ _ _
_o
t-1










_ 0 0 0 _ _ rs
I 0 0 rl 0 0 0 0 0
w • •odd ddd dod
0
• c.1
_I.- o i-s I_ o rs o 0 0 0
Z_ • • • e





• • _ _ _ _ : _ _
-- T I I I I I I
- _ _ _ _ _ _ _ _
_ - _ _ _ _ _ -
I _ - - _ _ = _ _
_ _ - _ _ _ _ _ _
I I | I ! I I
_W
_ r_ _ &, _ _ _ r_ _
_ d d d d d g d d d
e-1
UJI-" (..1 _ 0 rl C_
L_
* _ _ _ _ _ _ ___
_ _ _ _ _ _ _ - R
• • • • e e •







_ _ _ _ _ _ _ _
N N N N g _ g _o
m --








w _ _ N
_ d d d d ,-', d d d _
o
_ Q D _ Q c_ D r,_ Q
g _; d, d g _; d J d
d 2 _ " " " g 2 g
_ _ _
__-__
??T_T? J_, , ,
_ g 4 4 4 4 = 4 =
_" _,_ ",0 O0 O0 O_
_ _ 2 _" =, _ R ,-
•_ _ ,.. _ p. $ _ oo _,__
, , , , ? ? , ? T
w
g _ g r4 g ,4 g _ g
o
•o _ 0
_._ oe _.j ic3 o c3 i_i cl n n





_ g g g g o g ,4' g
_ _ _ _ _ _ _ _0 -
I I / I I t I I
co
• g g d J __ ._ .; .;T
_ _ _ = _ _ _ _
• _ j ......
j • . g _' g J J J
I
o
_ooo_o_o0 0 0 0
• • • • • • • e •








LO 0 r"l i_ 0 0 0 I_ -
W -- ff'l _ I_1 1%1
-- Q 0 0 0 I_ 0 0
ddddddd_
,re -- N ¢%l ('%l ('%) _ (%1_
IJ,Jt-- 0 C.J 0 _ C3 _ 0 0
LLJ
CJ_ L,J t.J (%i _ _ I_ U._ _
z_ _ _ ,_: _, _, ,_ • _ _
(N
d ? g o _ o d o g
_ _ _ ,_ _ = -
_ _ _ - _ _ -_ _I I I I
d " _ " " g " "
0
-_=_-_
_ _ T _ _I I I _ I
0 0 0 0 0 0 0 0
• . . _ _ z z _
D
uJ





= _ _ _ - _ _ _ -
o _ o g o o o o o








.... 0 0 0 0 _ t_ _
C_
_-- o _- - _ % _ _ _ -
r_
_ _ - o _ _ _ _ _
?_?T??_ J,
o__ _o
m _ m m m _ m
_-__
- _ _ _ _ _ _
g_ _--
T _ ? ? , , , , ,
0 0 _ 0












- o o o o o.o.
-- -- 0 0 0 0 0
gd ggdddd
0
)-w oo p- _ __j t,- r_
u c]
_t_J_.. r,J o o o o 0 EJ o




• • • • • • o • •
r-_ F.J f.3 FJ 0 Q _ r-_ r_
¢IUJ
@._ 0 0 r_ 0 0 0 0
ddddd ddd d
o
_ o o d o d o d d d
QJ
• (X; O, O.









j j _ _ J _ J J J
0
_ _ _ _ _ _ _ __ -
???T??T?_
/
_ _ _ _ _ ° _ __
T J ......., ? _ T ? , , ,
_ _ _ _ - _ _ - _
...... j •
C_
_ g _ g g g _ g _
g _ d _ .... d
_ _ _ o _ _ _ 0 _ 0







0 0 Q O Q 0
UJI.- r_ C-2 rl f.2 r'_ I_ I_
4
_Z 0 0 0 0 0 0 0
ZZ • • i • • • • • •
W 0 C] 0 0 0 n 0 0 n
0 0
I I I I I
(3 -- I_- f_ O"
-_°_ ___.
7I I I I @ I
._o
_. _ _ .... _j •
_J C) (J 0 0
_.= d g d d d d d d o
• IN
Zlr2 •
I I I I I I !
_ _ - _ _ = _ - _
_ _ _ _ _ = _ __
"_''__
_,_ ......
0 0 C_ _ C3 0 C) C) C_
_,I I_- I_ 40 _7 _0
e • • • • • • • •
c_ _ _ - _ _ _ _= ,o ,o
• • • • e •








o _ Q o o o o
__ __ rs 0 n 0 0
rs (_ 0 0 0 rs
0
_z 0 r'l ra ,-i 0 0 Q
w
7,=,,d d d 4 d 4 d 4 d
_o
_uJ
rl Ej rs r_ r ) C) cJ O _
x r_
ILl • • • • • • •
ooooo_od 4
tUl-- r_ r_ 0
Z_ • • •
_- d d _ d d d o d











..... j • j J







o o n _ o o d J o
,,??,,,
I !
0 (_ (_ 0 0 O D 0 C]
0-
_ _ - _ _ _ _- = _
• j 4 ......
C3
" 79
it=- _ _ U CO .,'I"
Z _Ir I • * • • • • • •
Q 0 n 0 _ 0 n 0 n
_o
_-_ -- -- 0 0 r_ 0 0 0 0
w_ 0 0 0
W





0 _ 0 0 0
J _ J ....
__-_
_ .......
- _ _ _ o _ _ _
- _ _ o _ _ _ _o
.
_n
• • • • • • o • •






0 0 0 0 0 0 0 0 0
g _ g ......












-- 0 ra 0 0 0
_" ddSddd
0




J J J _ J d J g J
0
I l I I
I
o> _ o o o o _ o _ o
t_
_ 0 _-_ LJ 0 rn 0 0
0 0 0 0 0 0 0 0 *m
0
Z_ • • •
UJ
zz g d d j 2 _-....oo oo
_m
o
I I I I I I I / I
• " -" -" _ c_ _-. J • . j
0 _ _ f--
0 _ C'J 0 _ _ 0 C_ 0
m N _ m .,.-r -,.-I- .do
_- - _ _ _ o _ ____







0 D 0 e'l
dddSd g
o
WIL Q D I--I I--1 _1 0
• ___
0 D _ 0 0 0 0 _ 0
_-_
_ _ _ _ _ -
__-__
W w w w w
T




wW _t7 C_ _ C)
_0
_ _; J J J J _ J o
_UJ
_L'% -- (_ 0 0 0 r7 0 0 0
d d d d d _ g d d
z[g d d d d d d d d
UJ
_ J J J o J _ _; J
• • • • • e • • •
,,_,?,,,_
2 j g • • • _ g j
• O_ • • • • • e •
(3 (3 0 0 _ C_ rm 0 C_
I_- ._ 0 _ _ _ _ CO
J J J ......
_ _ o o _ _ _ oooo
O_ _ C_ 0 0 C) 0 C_ _ 0
82
_w




• o t.7 o




_t. "_. (:3 0 0 0 0 0 0
o










ddd ddd 2 d "
t_ O0 _ I_-
.0 P,- wO
Ln L_ _ f'-
d d d d d " _ " -_
!
(:3 (:3 E3 0 (_ I, T ? _ J
C3_ 0 C7 0 C3
_r -- -- t_l CN
t-_ 0 C3 r7 0 t-_ r3 0
w • • • • • • • • •
?7?77 , , , ?
o
5
_ _ _ _ - g _ __
5 _ _g__-_
TT_777777
0 C_ o Q 0 o o c] o







_ _ - _ _ _ _ _ _-
_o-o __
_ _ _ _ _ _ _ - ___








• " d 2 2 d g - _I I I I I I I I
I
_ _ _ _ _ _ _ __ o -
C3_=.
zz
"_-- I I I t I I I I I
o_ u_ o r_ r"i rm _ 0 (3 0
:_t._ o, 0 _ o'. o, o* o, O" o_ o,




_ d d _ d d d d _ d
w




I I I I I I I I
_J
_, o_--
• • ,e • • • • • •
_ - _ _ _ _ _ _ _ _
_ _ _ _ _ _ _ -
o _ _ _ - _ _ - o
o ? , , , ? T ? _ T
_.1 w --
,,o
, , , , ? ? ? , ?
I
uJo _ P _. _ _ _ _ _
_ _ _. _ # = _ ___
0 -tO 0 0 0 0 0 _ 0
• • cO CO O0 (30 _ CO CO 0(3 CO
ZZ
_ I I I I I I I I I








o 0 _ o o
• _ _ " _ _ _ _ _
I ; I I ; I
_--_-_--
_ _ _ _ g - _ _ _
_ o
i I I I I I I I
I
ZZ
_ I I I I I I I ! I
•-_. O_ O" O_ 0_ _ _ 0 _ 0 _ O"





! I I I I I I I I
0 0 _-s 0 I_ 0 0
_ _ _ _J I_ _U LU UJ
T _" ? ? T ? ? , ,
o
o 0 o o o o o 0
_ _ _ _
d 2 : g • _ 2 : :




• • oo o_, co _ oo oo oo oc oc
ZZ
_ ; I I I I I I I I
85
•-%. Cw _ _ I_ _ _ _ O_ O_
O
_ _ _ _ _ _ _ _ _ o
uJ
• _ _ _ _ _ _ _ = _
O O O O I_ O O F.J
j j ' j J j . • j




_ d o d o d d d d o
U 0 0 0 0 0 0 0
z j _ j _" j z g #
I I I ! l I I I





_ T ? , , ? ? ? ?








; _ _ _ _ _ _ __
- = _ _ _ _ z j _





_ _ _ _ _ _ _ __ -
,,,,???,?
I
- _ _ _ - _ o _
0 0 L'3 0 0 0 0 0
• • O0 O_ CO O0 CO OC O0 CO CC
o_
zz
_[_ I I I I I I I I I
E3_ u_ c3 o o o o D o o
uJLu ('Xl i,_ (:3 _ f_ _ E3 u_ 1:3
0 0 0 0 0 0 0 0 0
• • CO OC O0 _ CO O0 O0 O0 CO
01--
zz
_ I I I I I I I I I







0 0 0 0 0 0 0 0 0
0
_; d d o o o o o o o
_ d d g d d d d d d
o_ooggg_
_ j J _ .... d
I i I I i I I i
_gg_gg_o
m
j 2 2 _ j j _ J J
-- _y Io o _ o _ _ _ _oo
_' - % _ _ _ _ _ _
_ = _ _ _ _ _ _ _
0-®o _




_ _ _ _ _ - _
_ _ _ _ _
rn 0 0 (:3 0 0 0 0 FD
• • O0 O_ O0 O0 O0 O0 O0 O_ O0
O_
ZZ
"_ I t I I I I I I I
C3 r3 C3 C3 C") r_3 C3 L-'J L'3
['3_ _ 0 C:] 0 0 E] _ 0 0
_._. 0 _ <_ C_ O. 0 _ O"
0 0 EJ 0 0 0 EJ C3 0





_ d 2 g g -" _ J d
I I I I ! I l i
0 C:] 0 0 0 n 0 0
_._ O0 _ I_ _ ('_
p. _ _ _ c_ _ _ _ o
o _ _ _ _ _ _ _ °
c_ I I I
I_- _
• • e • • e • ,
0
0 _n 0 0 0 0 0 0 0
O0 I_ -- ('_
_ _ _ _ _ _ - o o
..... _ ' .
I I I I I I I
" _ _ _ _ _ _ __
o - T _ _. _
0 0 0 0 0 0 0 0 0
• • O0 oO O0 O0 O_ O_ CO O0 oo
_M ! I I I I I I I I
_3 0 _ C_ 0 0 D 0 C_








l.iJ • • • • • • • • •
rl c:3 El ,.-a C) l_ C:3 1:3 (:3
Z
UJ
_ - - ,_ - _ _ -.,
- _ g .... g -




• • • • • • • • •
??T??????
u
I ! I I I I I
_ _ _ _ _ _ _ -
zz
• _[_ I I I l I I I I I
c:_> u'1 (:_ c:) (:3 C) c:l r_ O E]
O
w
• = _ _ _ _ - _
_ _ _ _ _ _ ....
_ _ _ _ - - _o_ __ .,
• _ _ _ _ • _ _
I T I I I I I I





o IT'} C] CO E'1 O 1:3 E3 O
• • cio CO CO CO CO OD 00 oo CO
(._ i--
ZZ
•_ I I I I I I I I I













I I I I _ I I I I
_ _ _ _ _ _ _ __
_ _ _ -7 _ _ _ _ _
,,?,,????
, , ? , ? , ? ? ?
g _ N N N U N g N
f
° _' _ o _ _ _ _
C_ _'_ 0 mj C_ L_ 0 C_ D
ZZ
"_ I I I I t I I I I




0 _ D 0 0 _




.. _ _ _ o _ _ _ __ _ ®

















o _ _ _ _ _ _ _ -
= _ _ - _ _ _ -
_ _ _ _ j j • • .
I I I I I I I I I






C_ C-] C'J C3 _'_ C_ CZ] C_ C3
U,J U.I _ u*_ C3 _ (_ u_ C] _ C3
_o _ _ _ - - _ _ o _
0
_- - - _ _ _ ,_ _ _ _
W
• -- wD _'y
_JEd .....
_ m




_ _ _ _ _ _ ' .
_ = - - _ _ _ _ _
_ - _ _ _ _ _ _ j
ZZ
'¢:[_ I l ! I I I l I I








_e._ O" O" 0 _ O" (7" O" O" (7- O"
U.D • • • • • • • • •
1:3 1:3 17 1:3 E3 1:3 r.J {3 13
r.3
u.;h- 13 _ _ (%J (%J {'M (M (_. {x;
_ d d d ,_ g d A d d
- _ _ _ _ _ _
• _ • • _ _ • _ _
I I I I I I T I
_-__
...... _ • _
-_-__-





C3 C_ I_ C_ ED E3 C3 r7 r7
CO
0 -=f
(_ -' - _ ? ? ? ? TI I ! I
P_ _ P_ N g _ _ g g
I
m ,o _- if3 m
..-t
I
• • CC CO _ t_ O0 O0
t.O_--
ZZ
_ I I I I I I ! I I
112 _ _ _y t'N t¢_ _
0
o _ _ _ _ _ o -
T j j J 2 j j 22I I I I I I I I
?_,,?T???
I3
_'m 1:3 _'_ 1:3 (:3 (:3 O {3
T _ _ _, T ? , ? ? , ,
('NI r_ _1 ._ ,,o I',,-- 0". ,_,
• • CO O0 CO O0 O_ aO @_ <:0
(..91'-"
ZZ
"_ I I I I I I I l I
o _ _ L-3 L._ 1:3 [3 (3 E}











_ _ _ _
" 4 _ _ _ " " "




_ _ _ # _ _ _ __
,,,??????
zz
'_[_ I | I I I I I I I
t-_:_ u_ {:3 _ c3 r'_ £3 (:3 to
• ._ _ _ O, <_- 0 _ 0, O- _
(3
w
.# _ _ _ 3 _ _ _ _ =
z_ • _ _ ......0
I ! I I I
_--_.._
I
l_J ua IiiJ IiU
I I I c_ I I I
e,i
!
¢-_ 123 o {:3 £3 _ El _
_ _ j j4 j 4 J 4
I
E3 C3 C3 C3 _ {_ (:3 r_ I:_
• • CO CO CO 03 00 O0 CO OD _0
01.-
zz
_[_ I I I t I I | I I
13 c3 c:] c:) (:3 L--J El E3 C::]









_t._ 0 _ 0_ _ _ cw _ _ _




._ _ _ _ o _ = _.
-
r_ O rs C._ O O
(%J N
T _, _ d _; _ o g! T I I I
r_ _ C_ EJ rs C_
C_
...... _ • A
_ % _ _ _ _ = -_
I I I I I I l
_ _ _ _ _ _ _ __
- _ _
.... . . . . .
O _ O O _ O _ O O
_ _ _ _ _ _ _ __
O
_ _ _ g _ _ _ __
'''__
O O O O t'_ O C_ O O
_z
_ I I I I I I I I I
0
_. _ _ _ _ _ _ _ = _
_ d d d d d _ g d d
_ _ = _ _ _ _ _ -
I I I I I I I I I
_-_g_g_g





, , , , ? ? ? ? _,
N_gggNNNN
"'Zgg_ddd
• • O0 CO O_ CC CO _0 0:3
(._I--
ZZ
"_ I I I I l ! I I I
L'-] I-3 11") _ L'_ C) [3 i_ C'J





,_ _ _ _ _ _ _ _ _=
_ d d d d ....
o_-o__-
I ! / ! I I ! !
=ggg_g_g_
_ ° _ _ _ _ _ __
I ! I ! I ! I
I
0 0 L'J (3 0 0 (_ 0 0
• • _0 cO CO O0 O0 O0 O0 CO O0
ZZ
_ I l I I I I I I I
o J o o o J _ _ o
_ _ _ _ _ .....
_o_o _B_B
I I I I I I I
o
_ _ _ _ _ _ w _ ___
!
_®___
d _ d g d ....
-- _ 0 _ I
0 0 0 0 0 0 O 0 0
• • CO CO O0 CO O_ O0 0_' CO CC"
zz
•_ I I I I I I I I |
0 0 0 C3 O 0 0 0 0












• P'- -- I._ I'+- O +- I_
U..I I,- O (_I _ CN @,,I
Z_
,..,.,_ ,+ ,_ d d ,S + ,=," .o" B
I.,U
-- + O" r's (30
O P¢_ l.m ,dO
z_ B d ,-', d & d d d -
1 _ _+ J d d g J g
I I I I
_ o+ "+ "' _
.... -. . . .
m _
B + + - + _ _ - _
• • • • = • • • •
___ _
P-- CD {'3 P_
,.,-, _ _-+-o.,
....... j
I I I I I I I I
I
_ {:3 C3 r7 0 0 Cl 121 El
ZZ
_ I I I I I I I I !
C_ 0 0 0 r3 0 C_ rm C_
t'J) u_ 1:3 C3 {3 {_ [:3 1:3 1:3 E3
MJU.I (%l _ C3 _ 13 M'I 1:3 I_ (3
0
_ g d d S d g d d d
_g ..... N_
I I I I I I I I
_ Z g _
gggg_o0 0 0













• $ • • .
_ o - _ _ _ _ _ _ _
_ __" . • _ _ _ j •
_ . _ _ , , , T
_ _ _ ® - _ _
__-_
- -__
• • • • • • • • •
-?T???T?T
-_=__
j z _ ......
I
IZ_ L_ fm 0 f_ 0 _ 0 fm
-- -- I',"I --
¢ • • . • • • . •
- _ ? ? ? ? T ??,
_ g - _ _- _ _ -
• g g g .....IN _I IN fY m
I
• • CO CO CI_ CO C_ CO QD CO
ZZ
•_Z_ I I I I I I I I I





tiJ • . • • .oJ_ooo_o
o
_Z d d d d d d d d _
f,- f,- o,I oo
z d _ d ....
I I I I I
¢_1 IN -- IN ed IN
o l-1 rs n lO r_
_= _ _. __ .o_
goo_goooo
_ _ _ _ o _ _ g-
• • • • • • • • •
!
0 0 0 _ rm 0 IS_ rm
I I I I I I I
_= _- _- _o - _ _- _ _
O" _') -- O" C)
"4O C" -- "dO _ O"
I
c3 c) rm _ C3 ZZl 0 0 0
• • _0 00 co _ co cO 0_ 00
ZZ
'_ I I I I I I I I !









•._ o. o_ o. o. _ o. o_ o _ o_
w • • • • • • • • •
o
Wl-- D 0 t_
7,
._. d d d d d d g d d
z_ d d d d g g d d d
N
g _" g _ -" d J g d
I I I I I




• • • • • • • • •
- ? ? T ? T ? _ T
_ .q _" _. _o _, g __
• . • _ • j _' j j
I
c) 0 c_ C_ c_ c_ o c_ c3
-- _ --
I I I I I I I
_' _ N g g N _ g g
0 _ El 0 _ Cl 121 rm 0
zz
_ I I I I I I I I 9
o c3 0 c_ c_ o _ c_ r'-i
C_
o
• • O0 O0 O0 O0 GO O0
ZZ









.z _ _ _ _ _ _ _ - =
_. - _ _ _ = 8 _ _ _
_ _ _ _ _ _ ....
_-__
_ 7 _ _ g dI I I ! !
o o o o o
!
• • • • • • • • m
-8_=-_
I
r_ 0 0 L'3 0 0 0 0 0
_ = _ _ = = o -_=
.... _4 _ _ _
_' ? ,_ ? , , , , ,
0 0 0 0 0 0 C=] 0 r-s
O_
zz
_ I I I I I I I I I






w • • • • • • • • •
o
0 0 0 0
I I I I I
oo_gooo
? _ T ? _ ? , , ,
o o o o o 0 o 0
g g 2 • _ ....
, ,?,?,,,
I
_ _ _ _ _ - _ _ _
I m _ _ m m _ m
(Dh-
ZZ













_ d d = d = d d S d
_ g d g d g g d d g
_-_ o
I I I I --
_ _ - _ °





O O E) O _ O O O
_ = _ _ - _
_ • . . _ . . .
, T ? ? , ? , ?
_ o _ _ _ o _ _
#
O O O O O O O r_ O
t_k-
ZZ
_{_ I I I I I I I I l
L._ r's L'3 O O _ _ r_ O
_ _ _ O O O O r's O rm







¢'1 m INI I'N _ m m I_ m
ZZ









• _ _ _ _ _ _ _ ® __
z_ _ 4 _ _ _ _ . . .
?T_JJJ22gI I I I I I
_ _- _ _
.j ._ .....
I.U u.i I._ w LLI I,_ I,U _ I.U _'_
0
N N N o o g _ _ g ,.5
z
I I I I I I I
g _ - _ _ -_ _ _ _
zz
_ I I I I I I I I I
_z _ _ d d d d d d d
- _ _







- _ _ _ _ _ o
• Q 2 g g ¢ 2 d 'I
I I I I I I I I
I
_z










_ d d d d d d d d d
rs _ 0 0 0
r_ _ _
o_ _ _
,I" _- _ o_
_' _ • _ j _ _ j _
I T I I I
0 0 0 _ 0 0
_;=__
jJ_-=_-&
o_--_-_o0 0 0 0 0 0
_ =_=_ _
__-=_ N o g
_ _ 0 (::3 0 I_ E3 123 _
•. 2, = _' .g _' -
J J - . j • j • .
, , , , , ? , 7 ,
I
uJ
• • cc oc_ _ o_ oc 03 o:_ _o
_.,o I-
zz




I I i i I i
g g N g g N g g g
• • • • • • • • •
I
oo oo oo _ oc oo _3 o_
zz
,,_ I I I I ! I I I I






w • • • • • •
)-_ co
z_
_ d $ d $ $ d g g d
zll. • * • • • • • • •
uJ 0 t.3 Q _.J o rs
m
0
o _ _ _ - _ =I
_ J J _ J J
, , T , T , T
I
_ _ _ _ _ _ _ _-
_= -_ -o_
#
o rm t_ C_ 0 rm 0 0 L-)
_ _ _ _ _ _ _ __
_rl C3 _ LL_ _ r_1 -._ u_ CO
- _ _ _ _ _ _ _ __
I / I I I i I i
-- _1 _ IN _4 f-4 ol ¢y
zz
_ I I I I l l l l I
•-._ o'. o- o_ o- o, o_ o_ o, o-
o o o o J _ o _ o
o
t_J_- o 0 n 0 0 o 0 0 0
t_J
UJ -- C_ " "C_C_ C_ " " "
o o 0 _ 0 0
.o _. ao oo _o
_-_--_
l I l !
0 _ 0
t'y cy -- 0 --0 0 0 0 0 0 rs 0
0. f-- l
= _ _ T T T _ T T
!I
I





(:3 t_ 121 t_ r'_ _ _ (:3 ['3
zz









z _ _ g _ z : g g
0 ! I I
_--_-
_ _ _ _ _ _ - _
, , _ T ? ? T T
_ 2 d _ _ 222_
• 2 2 g • _ ' •
_?,,,?,?,
_:_ I I I I I I I I I
IZ -- _ ¢_1 0,1 I_ h'l .1"




I I I I I I I I I
• . ? ? ?
W
C_ C2 C_ 0 CO r_ _ C_
o C _ _ - - _ _ ?
.... _ _ _ _
T?T??????
I
Q W Q gg_ = _ _ = @
¢ • _0 _ CO O0 (C CC OO CO ao
ZZ
_ I I I I I I I I I




DETAILS OF MONTE CARLO DATA ANALYSIS
A. Cascade Neutron- and Proton-Emission Spectra
In this appendix, the manner in which the Monte Carlo data were ana-
lyzed to produce the values that were fitted will be described. In the
case of the cascade particles, the Monte Carlo history tapes were available
and were used.
Let
N = the total number of particles, either neutrons or protons,
emitted into a specified angular interval from NH incident-
particle collisions,
k = an even integer,
[x] = the integral part of the number x,
and assume that the N-emitted particles have been arranged in the order of
increasing energy. If one now defines
E i = the energy of the i[_] emitted particle where i = i, 2,... k-2,
Ek_ 1 : the energy of the _ _ + (k-2)[ . emitted particle, and
E k = the energy of the highest emitted particle,
then there is an equal number of emitted particles between E. and E. ex-
1 l+l
cept for the last two i values. The energies E. for even i will be used to
1
define the energy intervals in a histogram representing the energy distri-
bution. The ordinates FE. in the histogram are given by
1
FE = H'N--(Ei+I- " i odd and < k-1 ,i E ) 2£(cos 8 - cos e ) '1-1 1 2
. (A.1)
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where 8 and 8 are the limits of the angular interval being considered.
In analyzing the data, it was arbitrarily assumed that no statistical
significance could be attached to less than ten emitted particles in a given
energy interval. The quantity k was taken to have the value 50 and 2[_]
was tested to see if it was greater than ten. If it was, k = 50 was used;
if it was not, k was systematically reduced and the largest even value of
such that 2[_] _ i0 was used. In a few cases, the value of kk determined
in this way was less than eight - i.e., the histogram contained less than
four energy intervals. When this occurred, it was decided that the par-
ticles emitted in the particular angular interval under consideration were
statistically insignificant and no attempt was made to obtain a fit.
In doing the fitting, the histogram value FE. was taken to be an esti-
m
mate of the energy distribution at the energy E.. In a given angular in-l
terval, there are k/2 histogram intervals and thus k/2 points to be fitted.
Actually, k/2 + i points were used in all intervals except the very special
case when the highest energy interval in the histogram contained exactly
ten emitted particles. The additional data point used was obtained by de-
fining
E = the energy of the N-5th emitted particle,
a
Eb = the energy of the N-lOth emitted particle,




a NH(E k- Eb) 2_(cos 81- cos 82 )
(A.3)
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This data point is introduced in order to extend the fit to as high an
energy as possible. The energy Ea is always larger than the energy Ek_l,
and, because of this additional point, the fits are valid - i.e., they do
not behave erratically for energies less than E . The use of this addi-
a
tional point means that the very high energy emitted particles are given
more weight than the other emitted particles. It is to be understood that
there is no particular justification for this other than as an artifice to
extend the fits.
In the case of the spectra integrated over all angles_ the data analysis
is carried out exactly as above except that the cosine differences in the
denominators of Eqs. A.I, A.2, and A.3 are omitted.
B. Evaporation Neutron- and Proton-Emission Spectra
In the case of the evaporation particles, the Monte Carlo history tapes
were not available and the histograms that were fitted were constructed
directly from the equal-energy-interval histogram data presented by Bertini.
Let Gi be the value of the energy distribution - normalized to unity -





f_E = E.- E. = constant •
i I: 1
where M is the total number of intervals in the histograms of Bertini. The
probability, Pj, of a particle having energy less than E. is given by0
P. = AE _ G. (A.5)j 1
i=l
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Let P_ be a set of probability values defined by
8
p! -J
8 - _, j = i,..., T,
P! _-- 0 ,
o
(A.6)
and let E! be the energy values corresponding to these probabilities - that
8
is, E! is an energy s_ch that P_ is the probability that a particle will
J 8
have energy less than E!. The energies E! were determined by interpolating
8 J
in the tables of P. and E.. Logarithmic interpolation was used in all ex-
5 J
cept the lowest energy interval where linear interpolation was employed.
The e_rgies E[ for even j were used to define the energy interval in a$
histogram of the energy distribution. The ordinates in the histogram are
given by
2 i
GE,"J= n _ (Ej+I- E'.3_I) ' j odd, (A.7)
where
n = the average number of emitted particles per collision.*
This histogram, because of the way the energy intervals were chosen, has
the property that there is an equal probability for finding an emitted par-
ticle in any of the intervals.
In analyzing the data, T was taken to be 40 provided that N, the total
number of particles emitted in the NH Monte Carlo collisions considered,
was greater than 200. If this was not the case, T was taken to be
that is, it was arbitrarily assumed that no statistical significance could
*Note that since n has been introduced into Eq. A.7 the histogram is
normalized to the average number oF emitted particles.
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be attached to an energy interval which did not, on the average_ receive
ten of the emitted particles in the Monte Carlo studies. If N was less
than 40, it was assumedthat the sample was not statistically significant
and no attempt was madeto obtain a fit.
In doing the fitting, the histogram value GE! was taken to be an esti-
J
mate of the energy distribution at the energy E_.J
C. Cascade Neutron- and Proton-Emission Spectra Integrated Over All Angles
The data analysis for this case is exactly the same as that in section
A of this appendix except that the factor 2_(cos 0 - cos e ) must be omitted




The validity of an analytic fit to statistical data is often discussed
2 6
in terms of the X value. For the energy spectra fitted in section III,
2
approximate value of X may be determined from the equation*_an
[FE_ F(Ei)]2
2 _ • (A2l)X = NH ZXEi , "
E. F(Ei)
i











F(E i ) F(E i )








Because of the manner in which the AE. intervals were chosen (see Appendix i),
I
FE. fkE.m= constant (A2.5)
i
*See ref. 6, page 66.
7_o obtain X2 for the evaporation spectra, FE. and F(Ei) must be replaced
by GE. and G(Ei). l
i
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where R is the quantity which was minimized in obtaining the fits. In
2
addition to the value of X , one also needs the number of degrees of
freedom, n, which is defined by
n = the number of fitted points - the number of parameters in the fit.
Values of x2/n and n for all of the spectral fits given in Tables 2
through 81 are given in Tables A2.1 through A2.8: Tables A2.1 to A2.4
contain values for the fits given in Tables 2 to 41, Tables A2.5 and A2.6
contain values for the fits given in Tables 42 to 61, and Tables A2.7 and
A2.8 contain values for the fits given in Tables 62 to 81. For those cases
where no fits were obtained because of poor statistics, there are, of course,
no values of )(2/n and n.
For each individual fit the value of x_/n yields only a limited amount
of information. In the present instance where there is a large number of
fits, by grouping the fits with the same number of degrees of freedom one
can obtain somewhat more general information. If the errors in the Monte
Carlo values are n_m_j d_o_r_u_ed about the fitted 9anction, then the
values of x2/n for a given n should have a probability distribution given
by
n n
2 7 2i -1 2 -,
n exp -F (_'-)= n 2- '
n n 2 5 r (2)
(A2.7)
where r is the usual gamma function.
ii0
In Fig. A2.1 the distribution of xe/n obtained from all of the fits,
with n = 20, to the cascade-particle spectra is comparedwith the theo-
retical distribution, F The calculated distribution gives an average
eo
value of x2/n of approximately 1.2, while the theoretical distribution
gives an average value of x_/n of i. Since the calculated distribution is
a rather good representation of the theoretical distribution, one may con-
clude that in general the fitted function is a reasonable representation
of the function described statistically by the Monte Carlo data.
In Fig. A2.2 the distribution of x_/n obtained from all of the fits,
with n = 15, to the evaporation spectra is compared with the theoretical
distribution, Fis. The calculated distribution gives an average value of
xe/n of approximately 2.8, while the theoretical distribution gives an
average value of I. Since the calculated distribution is rather a poor
representation of the theoretical distribution, the analytic fits in the
case of the evaporation spectra are only an approximate representation of
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that is_ the coefficients ao printed in Table i are correct only if
the exponential in Eq. i is divided by 400. When the coefficients
in Table l'are used in conjunction with Eq. l.a, the cross sections
are given in millibarns.
